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ABSTRACT OF REPORT. 



The greensand marl belt of New Jersey extends across the State 
from the vicinity of Sandy Hook at the northeast to Delaware River 
near Salem at the southwest, a distance of about 100 miles. It is 
crossed at many places by railroads and by streams that flow into 
Delaware River. 

The potash in the greensand marl occurs chiefly in the mineral 
glauconite, which is essentially a hydrous siUcate of ferric iron and 
potassium. Nearly all the Cretaceous formations contain glauconite, 
but only three contain sufficient amounts to be considered conuner* 
cially important, though in some others it is locally abundant. These 
three are the Navesink (the lowermost), Homerstown, and Manas- 
quan marls, which are described respectively as 25 to 40, 30, and 25 
feet thick. The marl beds, which form part of the Coastal Plain 
strata, stnke about N. 55^ E. and dip about 33 feet to the mile south- 
east, but there are some variations. The gently inclined and poorly 
consolidated beds that compose the marl are beveled by erosion and 
covered to a greater or less extent by later deposits. 

Five type areas were explored by borings and made the basis of 
specific estimates. These were at Salem and Woodstown, in Salem 
Coimty; Sewell, in Gloucester County; Somerdale, in Camden County; 
and Elmwood Road, in Biu^lington County. The data gathered from 
borings were supplemented by well data, both published and unpub- 
lished, and by field data on file in the office of the State department of 
conservation and development. 

It is conservatively estimated that the New Jersey greensands 
contain 256,953,000 short tons of potash (KjO) that could be mined 
by open-pit methods. At the rate of importation for the five years 
preceding the World War, including 1914, this quantity could supply 
the needs of the United States for nearly 1,000 years. Should it 
ever become practicable to use underground methods of mining, the 
available quantity of potash would be enormously increased. 

The lime sand in probable commercial thickness is exposed or has 
been recognized in wells as far north as Wrightstown. 

Four companies have imdertaken to produce or utilize the potash 
from New Jersey greensand. Small quantities of potash have been 
produced and marketed by some of these companies, but none are 
now producing. The potash industry of the United States was dealt a 

vn 
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Vni ABSTRACT OF REPORT. 

severe blow by the conditions arising after the armistice was declared. 
It seems probable, however, that some of the large developments will 
survive. Whether or not greensand may have a place in the American 
potash industry will depend on how well the greensand operators 
may be able to compete not only with German producers but also 
with American producers of potash from other sources. 

Recent experiments indicate that the potash in greensand is 
promptly available to meet the needs of many and perhaps most 
farm crops. 

Composite samples, so prepared as to represent the principal beds 
of commercial thickness at each of the localities drilled, were washed 
and the residues magnetically separated and sized. A variety of 
determinations upon original or prepared samples were also made 
in the chemical laboratory of the United States Geological Survey. 
The results of these separations and determinations are discussed 
both in their relation to the recovery of potash from greensand and 
in their bearing on the origin of glauconite. 
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POTASH IN THE GREENSANDS OF NEW JERSEY, 



By Geobge Rooebs Mansfield. 



INTRODUCTION. 

FUBPOSE AND SCOPE OF IMTESTiaATION. 

The work on which this report is based was begun in the fall of 
1918 as a part of the systematic search for potash conducted by the 
United States Geological Survey since 1910. 

The New Jersey greensand marls have long been known to contain 
small amoimts of potash, lime, and phosphate. For more than 100 
years they were dug and marketed as fertiUzer, and in the late sixties 
the annual amount so used aggregated nearly 1,000,000 tons.* With 
the introduction of prepared fertilizers the marl industry died away, 
but small amounts of greensand are still dug and used here and there. 

It has been considered impracticable to extract commercially 
the potash from greensand because of the relatively insoluble char- 
acter of the mineral in which the potash is locked up. Of late years, 
however, there has been considerable experimentation in processes 
of extracting potash from silicate minerals, and the New Jersey 
greensands, which are siUcates, have attracted attention because 
of their accessibiUty, abundance, and relative ease of mining. The 
scarcity of potash resulting from the shutting out of German supphes 
during the World War gave impetus to these experiments and 
permitted hope of the estabUshment of a potash industry in the 
United, States in which the New Jersey greensands might be an 
important factor. 

Much general information about the greensands was available 
through the published reports of the Geological Survey of New 
Jersey and of the United States Geological Survey and from other 
sources. The greensand beds had been mapped and described in 
considerable detail. There was, however, little specific knowledge 
regarding the quantity, thickness, and character of the deposit 
and the accompanying overburden at any particular place. The 
purpose of the work, therefore, was to procure data sufficient to 
permit estimates of the tonnage of potash in certain areas that are 

iCook, a. H., Geology of New Jersey, p. 461, 1868. 
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2 POTASH IN THE GREENSANDS OF NEW JEBSEY. 

favorably situated for commercial enterprise^ and to determine the 
nature and thickness of the overburden in those areas. 

The investigation was begun at the instance of the United States 
Geological Survey, but the New Jersey Department of Conservation 
and Development cooperated in it, with the understanding that the 
cost of the work should be divided as nearly equally as possible 
between the State and the Federal Survey. The money actually 
expended in field work amounted to $2,884, of which the Stat« paid 
$1,550 and the Survey $1,334. The Survey, however, furnished 
the time of the field geologist and the numerous chemical analyses 
and assumed the other expenses incidental to the preparation and 
publication of the report. 

ACENOWLEDQICENTS. 

The writer desires to express his thanks to Dr. Henry B. Kummel, 
State geologist, and his staff for much helpful information and for 
the use of unpublished data, including field notes, manuscript maps, 
and well records. Several, days were spent at his office in the study 
of this material. Dr. Kummel accompanied the writer on several 
trips to diflferent parts of the marl belt, one of which was made possi- 
ble by the kindness of Prof. Gilbert Van Ingen, of Princeton Univer- 
sity, who gave his time and the use of his automobile. Dr. M. W. 
Twitchell, assistant State geologist, went over some 500 cards in 
search of analyses that might bear on potash exploration, hunted 
out numerous well records, and kindly permitted the use of his 
unpublished manuscript on the water resources of the State. 

The numerous analyses embodied in this report were made in the 
laboratories of the Geological Survey, mostly by K. K. Bailey, 
though some were made by Chase Palmer and E. T. Erickson. George 
Steiger, chief chemist, made many helpful suggestions, and W. B. 
Hicks, of the laboratory staff, visited parts of the field with the 
writer. E. S. Larsen, jr., examined a number of thm sections and 
made helpful suggestions. Hoyt S. Gale, geologist in charge of 
the potash investigations of the Survey, Mr. Hicks, and Miss M. R. 
Noiffse have contributed valuable suggestions and criticism. 

The writer is indebted to the following persons for permission to 
drill on their land: Messrs. Louis A. Fogg, T. R. Miller, and Lucius 
Hires, of Salem; Mr. Isaac K. Lippincott, of Woodstown; Mr. J. C. 
Voorhies, of Woodbury, secretary of the West Jersey Marl & Trans- 
portation Co. (owner of property at Sewell) ; Mr. Thomas McMichael, 
of Somerdale (Laurel Springs post office); Mr. Alfonso Fusco, of 
Elmwood Road; Dr. E. W. Taylor, of Germantown, Pa. (owner of 
property near Vincentown) ; Dr. J. CUfford Haines, of Vincentown; 
the Norcross & Edmunds Co., of Birmingham; Mr. W. G. Taylor, of 
Pemberton; Mr. Alfred Cox, of Juliustown; and Miss Rebecca 
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FiauiuE 1.— Geologic index map of New Jersey, showing the general distribution of the pre-Cretaoeous, 
Cretaceous, and post^retaceous formations. 
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4 POTASH IN THE GKEENSAK'DS OF NEW JERSEY. 

Hopkins, of Homerstown. Unfortunately tune was not sufficient 
for drilling at all these places. Mr. William T. Hoffman, of Bir- 
mingham, furnished usefiil information. 

Messrs. Oren Conover and Chalkley Haines, of Woodstown, and 
William B. Cooper, A. G. Dunphey, and Samuel R. Cooper, of Marl- 
ton, furnished local well data. Messrs. C. C. HoUaday, of Harmers- 
ville, John L. North, of Sewell, and S. J. Taylor, of Mount Holly, 
contributed well data and helpful field suggestions. 

To the officials of the R. S. Ryan Co. the writer is indebted for 
nimierous courtesies, especially to Mr. F. Tschimer, who conducted 
him through the plant at Reeves station while it was in operation 
and permitted the collection of specimens and other data on the com- 
pany's property. Mr. George F. Von Kolnitz kindly furnished data 
regarding the process and plans of the Atlantic Potash Corporation. 
Messrs. T. C. Meadows, general manager, and George Hafer, engi- 
neer of the Eastern Potash Corporation, furnished valuable informa- 
tion and courteously arranged for an inspection of the corporation's 
experimental plant at Jones Point, N. Y. Mr. David L. Frank, 
vice president of the Coplay Cement Manufacturing Co., of Coplay, 
Pa., was kind enough to explain the comoany's experience in the 
use of greensand. 

The personal kindnesses extended to the writer by the residents 
at different places during the progress of the work are too numerous 
to mention individually but are gratefully appreciated. 

LOCATION OF DEPOSITS. 

The greensand-marl belt extends across the State of New Jersey 
from the vicinity of Sandy Hook, at the northeast, to Delaware 
River near Salem at the southwest, a distance of nearly 100 miles. 
It lies along the southeastern border of the broad strip of Cretaceous 
deposits shown on the index map (fig. 1). The width of the belt 
ranges from nearly 14 miles in Monmouth County, at the northeast, 
to 1 mile or less in parts of Gloucester County, toward the southwest. 
The detailed distribution of the greensand marl is shown in Plates 
I to III (in pocket), compiled from unpublished maps prepared by 
G. N. Ejiapp, formerly of the New Jersey Geological Survey. 

TBANSPOBTATION FACIUTIES. 

The railroads that connect the seashore resorts along the coast of 
New Jersey with New York, Philadelphia, and other cities (see 
fig, 1) cross the marl belt at a number of places and could supply 
suitable transportation for potash and other products that might 
be derived from the greensand. The marl belt is also crossed by 
ntunerous streams which flow into Delaware River, some of which, 
such as Mantua, Hancocas, and Crosswicks creeks, are large enough 
to be utilized; at least in part, for transportation. Companies pro- 
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GENERAL FEATURES OF THE DEPOSITS. 5 

posing to establish plants for utilizing greensand would do well to 
consider the possibilities of water transportation in their estimates 
of cost. 

oeneraij features of the deposits. 

CHABACTEB 

The potash occurs chiefly in the mineral glauconite, which con- 
stitutes the green grains of the so-called marl. The term "marl" 
as used in New Jersey includes a variety of materials. Thus we 
have greensand or glauconitic marl, clay marl, sand marl, and lime 
sand or lime-sand marl. Ordinarily greensand is implied when the 
term is used, but one or more of the other types is frequently in- 
cluded, especially in well records, so that it is difficult or impossible 
to make any detailed stratigraphic interpretation of many of these 
records. 

The greensand beds are in general unconsolidated deposits consist- 
ing of variable proportions of glauconite grains, clay, quartz, and a 
variety of small fragments of other minerals. A more detailed 
description of these constituents and their relative proportions is 
given in the sections on mechanical analyses of greensand, chemical 
analyses, and nature and origin of glauconite. (See pp. 116-133, 
138^142.) 

The glauconite imparts a greenish color to beds in which it occurs, 
and beds consisting largely of dark-green or black glauconite appear 
nearly black when freshly opened. The claylike constituents, where 
abundant, impart color to the beds. Thus some are light green, 
but others are dark green, drab, or chocolate-brown, although in each 
bed the glauconite grains are generally dark-green or nearly black. 
Likewise where quartz grains are abundant the beds have a color 
resembling that of a mixture of pepper and salt. There is much 
similarity of appearance between masses of the black phase of the 
greensand and masses of disintegrated material from beds of black 
or brown oolitic phosphate rock in the Idaho field. 

The glauconite grains range ia size from less than one one-hundredth 
to more than one-twentieth of an inch. Some of the larger grains 
resemble casts of shells of Foraminif era. Many appear to be more or 
less irregular aggregates of small rounded masses, and others seem 
to be small nodides irregularly cracked and recemented. The smaller 
sizes are worn and have evidently been transported to their present 
positions from neighboring or other sources. (See PI. IV.) Clay 
with grains of glauconite forms nodules and casts of shells. Nodules 
containing more or less pyrite are present here and there, and locally 
tiny grains of pyrite occur. Nodules of phosphate of lime are also 
present. 

Marine shells and other marine fossils representiug a considerable 
fauna have been found ia the greensand beds. The shells are sca^ 
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6 POTASH US' THE GRBBNSA3JTOS OF NEW JEBSBY. 

tered to some extent through the mass of the greensand, but there 
are two beds m which they are very abxmdant and whidi serve as 
horizon markers. These are respectively the -BefemnifeBo-bearing 
bed, at the base of the Navesink marl, and the TerebratuhrheHimg 
bed, at the top of the Homerstown marl. These formations are 
described on pages 10 and 11. 

The bedding of the greensand, so far as observed, seems relatively 
miiform and free from cross-bedding, though locally streaks of dif- 
ferently colored clay occur in a single set of beds. For example, at 
Sewell, where greensand is dug, the upper 2 feet of chocolate-colored 
material at the top of the so-called chocolate marl is streaked with 
green material of similar texture. At Somerdale a bed of drab 
material about 18 feet thick shows more or less streaking of gray 
and green throughout. 

STRIKE, DIP, AND THICKNESS. 

According to previous reports the average strike of the greensand 
beds is about N. 55° E. The dip is estimated by Knapp at 33 feet 
to the mile, with some variations, for a distance of 15 miles back from 
the outcrop; at greater distances it apparently steepens. The gentle 
inclination of the beds and the erosion they have suffered cause them 
to wedge out along the northwest margin of the marl belt. The 
thickness therefore ranges from a few inches along the northwest 
margin to nearly 60 feet in places along the southeast margin. 
Variations in thickness along the strike are due to local erosion or 
to differences in conditions of deposition. 

LOCAL NAHES. 

The greensand beds at some localities show sufficient variation in 
color and constituents to give rise to useful local names. Thus at 
Sewell three types are recognized — ^gray or bank marl, green marl, 
and chocolate marl. These names are applied to beds of conmiercial 
thickness, which are traceable through a considerable area. At 
Somerdale a small deposit consisting chiefly of quartz grains, iron 
oxide, clay, and a little glauconite is called red marl. 

HODE OF OCCXJKBENCE. 

The marl belt is part of the New Jersey Coastal Plain, which in 
turn is in the northern part of the great Coastal Plain that extends 
along the Atlantic and Gulf seaboards. Glauconite deposits occur 
in greater or less abundance in other parts of this plain and indeed 
in some of the older geologic formations not now associated with 
coastal plains, notably in the Cambrian sandstones of parts of the 
West and Southwest. According to present knowledge, however, 
the glauconite beds of New Jersey are probably richer in potash 
than those elsewhere. 
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MICROPHOTOGRAPHS OF GLAUCONITE. 

A^ Grains between 1/10 and 1/20 inch in diameter, the maximum size, X 10, showing characteristic 
shapes; B, grains between 1/20 and 1/40 inch, X 10, shapes similar to those in A but more worn; 
C, grains between 1/40 and 1/60 inch, X 10, shapes similar to those in A and B but considerably 
more worn; D, thin section of glauconite grains between 1/40 and 1/60 inch, X -"^O, showing the 
flaky to granular structure of the glauconite and in the center a supposed crystal with rude cleavage. 
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GEISTEBAL FEATTTBES OF THE DBP06ITB. 7 

The Coastal Plain in New Jersey has long been cited as an example 
of the belted type, with inner lowland, in-facing slope, out-facing 
slope, and outer lowland, caused by the erosion of gently dipping 
strata of somewhat unequal degrees of coherence or hardness and by 
the development of drainage upon those strata. The marl beds 
lie near or at the top of the in-facing slope and thus relatively near 
Delaware River, which occupies much of the inner lowland, and 
their drainage in general flows toward that lowland, producing the 
favorable conditions for water transportation previously noted. 

GLAUCONITE-BEARING AND ASSOCIATED FORMATIONS. 

Age and general sequence. — ^The glauconite beds of New Jersey, with 
one exception, are of Cretaceous age. Glauconite occurs locally, 
however, in some of the overlying Tertiary and Quaternary beds as a 
result of the erosion and redeposition of Cretaceous material. At 
some places, as for example, at Somerdale, about miles southeast of 
Camden, these reworked glauconite beds overlie beds of Cretaceous 
greensand and may readily be mistaken for them. Goser inspection 
of the reworked material reveals pebbles scattered through its mass 
and usually a more or less well-defined layer of pebbles at its base. 
The Cretaceous formations are described below and are shown with 
the overlying Tertiary formations in the accompanying table.^ 

CretaceouB and later formations in Coastal Plain region of New Jersey. 



System. 



Series. 



Formation. 



Thick- 
ness 
(feet). 



Recent. 



Beach sand and gravel, marsh deposits, and aUuvium. 



Qnatemary. 



Pleistooene. 



Cape Hay formation . . 
Pensauken formation . 
Biidgeton formation . . 



0-ao 

0-20 
0-30 



Pliocene (7). 



Beacon Hill gravel . 



Tertiary. 



Miocene (7). 



Miocene. 



•Unconft)rmity7- 
Cohanseysand.. 
-0nconformity- 



100-260 



Eocene. 



CretaoecNis. 



Upper Creta- 
ceous. 



Kirkwood formation 

-TJnconlormity 

Shark River marl 

•Unconformity— 

Manasquanmarl 

Banoocas group: 

Vinoentownsand 

Homerstown marl 

Monmouth group: 

Redbank sand with Tintonsand member (10-20 feet) at 
top. 

Navesink marl , 

Mount lAurel sand. 

Mata wan group: 

Wenonahsand 

Marshallto wn formation 

Enc^ishtownsand 

Woodbury clay 
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Rari^n formation. — The beds of the Raritan formation are of con- 
tinental origin and extremely yariable, consistiog chiefly of light- 
colored sands and clays. Some of the clays are highly refractory. 
Clays are more abundant in the lower half of the formation and 
sands in the upper half. Some of the sands are water-bearing. 
As the surface on which the beds were laid down was irregular the 
thickness of the formation is yariable, ranging from 150 to 260 feet 
at the outcrop but increasing toward the southeast to more than 500 
feet, as shown by well borings. Its dip is somewhat steeper than that 
of the marl beds, ranging from 40 to 50 feet to the mile toward the 
southeast. Animal remains are scarce, but plant remains are numer- 
ous, and some of the genera and species are closely related to modem 
forms. The formation rests in places on Triassic rocks, but from the 
vicinity of Trenton southward it rests on ancient crystalline rocks 
of Paleozoic or pre-Paleozoic age. 

Mdgothy formation. — The Magothy formation is partly of conti- 
nental and partly of marine origia and includes beds of sand and clay, 
some of which are utilized, with glauconite beds toward the top. On 
the shores of Raritan Bay the formation is 175 feet thick, but its thick- 
ness diminishes toward the southwest and along Delaware River is 
only 25 to 30 feet. Plant remains of a somewhat more recent aspect 
than those of the Raritan are numerous, and 43 species of marine 
fossils have been recognized. The Magothy lies unconformably upon 
the Raritan, but the discordance is not great and probably indicates 
only a slight land movement. The Raritan and Magothy formations 
are the chief sources of clay in the great center of the industry about 
the lower Raritan River and Raritan Bay. 

MerchantviUe day. — ^The Merchantville formation is a black glau- 
conitic, micaceous clay about 60 feet thick, which is generally greasy 
in appearance and of massive structiu'e and weathers to an in- 
durated brown earth. It is conformable with the beds both above 
and below and contains numerous marine fossils, the most charac- 
teristic species of which are rare or absent in adjacent strata. The 
Merchantville clay represents the lower part of the "Crosswicks 
clay'' of Clark, forms the base of the '^Clay-Marl series'' of Cook, 
and is the lowest of the five formations composing the Matawan 
group of New Jersey. In Maryland the Matawan deposits are not 
subdivided and are called the Matawan formation. The Merchant- 
ville clay is utilized with the overlying Woodbury clay in the manu- 
facture of brick and fireproofing material along the south shore of 
Raritan Bay in Monmouth County, in southern Middlesex and Mercer 
counties, and in western Burlington and Camden countiels. 

Woodbury day. — ^The Woodbmy clay is a black nonglauconitic jointed 
clay about 50 feet thick which weathers to a light chocolate color 
and when dry breaks into innumerable blocks, many of them showing 



Digitized by 



Googk 



GLAUCONirB-BEARIKQ AND AS80GIATED FORMATIOKS. 9 

curved surfaces of fracture. Some 95 species of marine f ossik have 
been recc^nized, and these are more closely related to the Magothy 
species than to those of the underlying Merchantyille. The beds 
are conformable with those above and below. They represent the 
upper part of the ''Crosswicks day'' of Clark and are part of Cook's 
''day-Marl series." The formation is one of the five formations of 
the Matawan group. * ' 

Englishtown sand. — ^The Englishtown is a conspicuous bed of white 
or ydlow quartz sand, slightly micaceous and sparingly glauconitic* 
Locally it has been cemented in part by iron oxide into massive 
stone. South of Woodbury, in Gloucester County, it contains local 
beds of clay that are utilized for making brick. In Monmouth 
County and to some extent farther south the Englishtown sand is 
an importai\]b water-bearing bed. It decreases in thickness from 100 
feet near Atlantic Highlands to less than 20 feet in the southern part 
of the State. It represents the lower part of the ''Hazlet sands" 
of Clark and forms part of Cook's ''Clay-Marl series." It was for- 
merly called the ''Columbus sand" and is one of the formations of 
the Matawan group. It is not known to contain fossils. 

MarshalUawn /(n^matUm. — ^The Marshalltown formation ranges 
from a black sandy clay to a clayey greensand marl. Locally it 
contains many fossils, its characteristic species being in part recurrent 
forms from the Merchantville and in part forms that occur in a higher 
formation, though absent or inconspicuous in immediately succeed*- 
ing beds. The formation is 30 to 35 feet thick. It is a portion of the 
''laminated sands" that formed the upper part of the "Clay-Marl 
series" of Cook, although in the southwestern part of the State he 
referred these beds to the Navesink marl. It was included in Clark's 
" Hazlet sands" and is one of the formations of the Matawan group. 
In parts of Burlington and Camden counties beds of day in the Mar* 
shsJltown formation are used for the manufacture of brick. The 
greensand of the formation is locally abundant and has been dug for 
fertilizer. 

Wenanah and Mount Laurel sands. — ^Above the Marshalltown 
fomiation there is a considerable thickness of sand regarding whidi 
there has been some difference of opinion. The terms Wenonah and 
Mount Laurel have both been applied to it in whole or in part. Tha 
sand is of rather uniform character, though the lower part (Wenonah) 
is generally a fine micaceous sand, and the upper part (Mount Laurel) 
is coarser and contains considerable glauconite. These sands con^ 
tain considerable water in the southern and central parts of the State, 
where they are about 80 feet thick, but toward the northeast they 
decrease both in thickness and in permeabihty. 

88625*^—22 2 
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The fossils of the Wenonah are largely recurrent from the Wood- 
bury, and the same forms recur higher in the Redbank. The fossils 
of the Mount Laurel are identical with those of the Navesink and are 
closely allied to those of the Marshalltown. A noteworthy form that 
occurs in the Mount Laurel and extends into the basal bed of the 
Navesink is the pencil-shaped BdemniteUa americana. The com- 
bined thickness of the Wenonah and Mount Laurel formations is 40 
to 80 feet. The Mount Laurel is very thin at Atlantic Highlands, 
where it was called '' Sand-marl' ' by Cook, but increases much in 
thickness toward the southwest. The Wenonah sand is the highest 
formation of the Matawan group; the Mount Laurel is the basal 
formation of the overlying Monmouth group. 

Navesink marl. — ^The Navesink marl consists of greensand marl 
mixed with varying amounts of quartz sand and fine eartii containing 
much calciimi carbonate in a powdery state. Where purest the 
marl has a dark-green to bluish-black color. The upper part of the 
bed contains progressively less greensand and is more clayey. The 
fauna is lai^e, comprising 121 species, according to Weller, and is 
allied with that of the Marshalltown and Merchantville beds; the 
characteristic forms of the Magothy, Woodbury, and Wenonah are 
absent. The basal bed of the Navesink at many localities, as at 
Mullica Hill, is a shell bed several feet thick (see PI. VI, B), in which, 
as in the Mount Laurel sand, the pencil-shaped BelemniteUa ameri- 
cana is conspicuous. Another characteristic feature of this bed is 
the occurrence of smoothed or polished gravel grains, chiefly quartz, 
about one-eighth of an inch in diameter, for which Knapp sug- 
gested the name ^' rice gravel. " The formation has a maximum thick- 
ness of about 40 feet, which diminishes southward to 25 feet or less. 
It corresponds in general to Cook's "Lower marl,'' although some 
beds referred by him to the "Lower marl'' have proved to be Mar- 
shalltown. It rests conformably upon the beds below and grades 
upward into the Redbank sand or, where that is absent, into the 
Homerstown marl. The Navesink is the middle formation of the 
Monmouth group. In Maryland the Monmouth deposits are not 
subdivided and are called Monmouth formation. The Navesink 
marl has been extensively dug for fertilizer throughout much of the 
marl belt. 

BedbanJc sand, including Tintan sand member. — ^The Redbank beds 
consist for the most part of fairly coarse yellow and reddish-brown 
quartz sand, locally indurated by the infiltration of iron oxide. 
The lower beds are in many places somewhat clayey, and the fossils 
of the Redbank have been found mostly in. the clayey layers. The 
fauna is a recurrence of Magothy, Woodbury, and Wenonah forms 
and diflfers in important respects from the Navesink fauna below. 
The Redbank sand has a maximum thickness of 100 feet in the north- 
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em part of the Coastal Plam, where it is a valuable wateivbearing 
formation^ but thius out southwestward and disappears in the yicinitj 
of Skyesville, in the northern part of Burlington County. It is the 
''Red sand'' of Cook and earlier writers but does not include certain 
sands in the southern part of the State that were erroneously cor- 
related by Cook with the "Red sand" of Monmouth County. With 
the Unton sand member at the top it is the uppermost formation of 
the Monmouth group. The Tinton member consists of a bed of green 
indurated clayey and sandy glauconitic marl 10 to 20 feet thick in 
Monmouth County. Its fauna is more closely allied to that of the 
NaTesink than to that of the Redbank and is characterized by large 
numbers of crustacean claws. It is Cook's ''indiurated green earth/' 
regarded by him as part of the '' Red sand." 

Homergt&um mad. — The Homerstown marl is a bed of glauconite 
with clay and sand, having a total thickness of 30 feet or less. It 
does not differ much in appearance from the Navesink, although 
where unweathered it may have a greener tinge. Its fauna, though 
meager, is different in essential characteristics from the fauna of all 
the underlying formations. A shell bed 4 to 7 feet thick at the top 
of the formation is a conspicuous feattue at many localities. The 
brachiopod Terebratula harlani, which occurs in great numbers in 
the upper part of the shell bed, is perhaps the most distinctive fossil. 
At the north the formation rests with apparent conformity on the 
Tinton. Where that is absent it lies on the Redbank, and farther 
south, owing to the disappearance of the Redbank, it is continuous 
with the Navesink and not generally distinguished from it. It is 
conformably overlain by the Vincentown sand except where over- 
lapped by Tertiary formations. It is the ''Middle marl" of Cook 
and the ''Sewell marl" of Clark and forms the lower formation of 
the Rancocas group, the Vincentown sand being the upper formation. 
In Maryland the Rancocas deposits are not divided and are called the 
Rancocas formation. The Homerstown marl has been extensively 
dug and used as a fertilizer. 

Vincentown sarid. — ^The Vincentown ^and presents two phases — 
(1) a ealcareois or lime sand, more or less indiu*ated and largely a 
mass of broken bryozoan, echinoid, coral, and other calcareous re- 
mains; (2) a glauconitic quartz sand. The two occur in alternating 
layers, although the lime sand is more common in the basal portion, 
particularly to the south, and the quartz sand predominates in Mon- 
mouth County. The fauna of the siliceous phase contains elements 
of the Homerstown fauna in association with forms characteristic 
of the calcareous phase. The thickness of the formation ranges 
from 25 to 70 feet, but numerous well borings have shown that it 
thickens down the dip— that is, toward the soutlieast — as do most 
of the other formations. It rests conformably upon the Homers- 
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town marl and is oyerlain conformably by the Manasquan marl or 
overlapped by Tertiary beds. The Vincentown sand includes the 
''lime sand'' and ''yellow sand" of Cook, the former of which was 
included by him as a part of the Homerstown ("Middle") marl, 
and is the upper formation of the Rancocas group. The formation 
contains much water throughout the length of the New Jersey Coastal 
Pl^. The more calcareous beds have been used locally for building 
stone and for burning. 

Manasquan marl. — ^The lower 13 to 17 feet of the Manasquan marl 
isj like the Homerstown and Navesink marls, composed largely of 
glauconite together with sand and clay and has a green or greenish- 
gray color. The upper 8 to 12 feet is made up of very fine sand 
mixed with greenish-white clay. Piles of this material look like heaps 
of ashes, whence the name " ash marl." Fossils are not abundant or 
well preserved. The thickness of the formation is about 26 feet. 
It corresponds to the "green" and "ash" marls of Cook's "Upper 
marl bed" and is the youngest of the Cretaceous formations exposed 
in New Jersey. It rests conformably on the Vincentown and at 
most exposures is succeeded unconformably by Tertiary or Qua- 
ternary deposits, although locally it is overlain by a bluish marl of 
Eocene age (Shark River marl) without apparent unconformity. 
The Manasquan marl has been dug and extensively used as fertilizer. 

Tertiary and Quaternary formations. — Aside from the local deposits 
of reworked material already mentioned the Shark River marl 
(Eocene) is the only post-Cretaceous formation that carries sig- 
nificant amounts of glauconite. The Shark River marl crops out only 
in a few small areas near Long Branch and Farmingdale, in Mon- 
mouth County. Its maximum thickness is only 11 feet, and though 
apparently conformable upon the Manasquan it is believed from well 
borings to overlap the Cretaceous. It has little commercial im- 
portance. 

The succeeding formations are sufficiently described for the pur- 
poses of this report in the table on page 7. They constitute much 
of the overburden to be encountered in exploitation of the marl. 

Commercially important formations. — ^Although most of the Creta- 
ceous formations above the Raritan contain glauconite, only the 
Navesink, Homerstown, and Manasquan marls are sufficiently 
glauconitic to be of commercial importance. These formations, 
together with the intervening Redbank, Tinton, and Vincentown 
sands and Shark River marl, are shown in detail on the accompanying 
maps (Pis. I-III, in pocket). The full development of the inter- 
vening sands in Monmouth County explains the great breadth of 
the marl belt in that county. 

Southwest of Sykesville, in the northern part of Burlington County^ 
the disappearance of the Redbank sand causes the Homerstown and 



Digitized by 



Googk 



U. 8. OBOIOOIC 




Vertical scale. 



Digitized by 



Googk 



Digitized by 



Googk 



GEOLOGIC STBUOTUBE. IS 

Navesink marls to merge in a single formation in which both faunas 
may be recognized^ but the respective parts of the formation are 
not clearly differentiated. Similarly the Manasquan marl practically 
disappears at a point about 4 miles southwest of Medf ord, in Burling- 
ton County. It has been recognized about 8 miles farther south- 
west in a small exposure near Clementon, in Camden County, and in 
Swedes Run, Salem Coimty. Thus southwest of the vicinity of 
Marlton, in Burlington County, the marl belt practically includes 
only the combined bed of Navesink and Homerstown and the Vin- 
centown sand, which in that portion of the belt is locally very cal- 
careous. 

GEOLOGIC STRUCTURE. 

The geologic structure of the New Jersey Coastal Plain, as shown 
in Plate V, is that of a series of gently inclined layers of poorly con- 
solidated rock which have been beveled by erosion and many of 
which have been covered to a greater or less extent by later deposits. 
These layers of rock may be regarded as in large measure continuous 
throughout much of the Coastal Plain. Northwest of the area of its 
outcrop any particular bed is absent, but southeast of that area its 
depth increases regularly in the direction of the dip. 

An idea more or less current in the marl region is that the marl 
along streams is of better quality than that in places between streams. 
Consideration of the structure as above outlined should show that a 
stream bears much the same relation to a marl bed as a carpenter's 
gouge or saw would to a board that was being shaped or cut. The 
tool might disclose differences in the grain or quality of the wood 
in the board but would have no part in producing those differences. 

The analogy between the marl and the board is not complete, 
however, because ground water percolates through the marl at 
many locahties and might be thought capable of removing fine par- 
ticles, especially beneath stream beds, where underflow may be 
presumed to be relatively strong. Without a definite knowledge of 
the amoimt and distribution of the pore space of the marl in place 
it is impossible to deny that some removal of fine particles and con- 
sequent enrichment of remaining coarser material may be effected 
by groimd water. On the other hand, the marl generally is com- 
pact, and the motion of ground water through it must be slow. The 
more clayey portions of the marl are in many places so tenacious 
that small dislodged masses of it successfully resist agitation in 
water for periods of several minutes. The differences noted in the 
marl are more probably to be ascribed, like the grain of the wood 
in the board, to original structure. If better marl has been found 
along streams than elsewhere the reason is probably because it is 
morfe abundantly exposed in stream valleys than elsewhere and 
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hence has been more commonly dug along the valleys. Further 
reference to enrichment is made on pages 133-135. 

The gentle dip of the marl beds^ previously noted^ makes the area 
of their outcrop relatively broad and its outline intricate where 
crossed by streams. (See Pis. I-III, in pocket.) 

NATURE OF THE EXPOSURES. 

In fields and in roads the greensand gives a greenish color to the 
soil. In such places^ however^ the marl is likely to be mingled 
with other material. Locally it has proved to be redeposited marl, 
sand, and gravel of Quaternary age. 

In the days when Cook wrote his general report on the geology of 
New Jersey, published in 1868, the marl business was flourishing, 
marl pits were open and shipping was in progress at many points 
all along the marl belt. With the introduction of prepared fertili- 
zers and the decline of the marl industry most of the pits were aban- 
doned and given over to water^ swamps, and vegetation. The 
sides or banks have slumped and are now overgrown with brush and 
trees, some of which have trunks 3 to 6 inches in diameter, as in the 
large pit 2 miles northeast of Richwood, in Gloucester County (locality 
44, PL I). 

At a few pits, notably at Sewell and Birmingham, digging is in 
progress or has been recently. These pits give excellent exposures 
of portions of the beds but do not afford complete sections. Plate 
VI, A, shows some of the recent diggings and gives an idea of the 
present condition of one of the larger of the old pits. (See also PI. 
IX, p. 80.) Exposures in road cuts give only partial sections and 
are seldom fresh. The same statement is true regarding stream 
valleys, except that the shell beds are locally well exposed in such 
places and thus furnish definite information about the position of 
the top or bottom of a bed. Plate VI, B, shows the shell bed at the 
base of the Navesink as exposed at Mullica Hillj in Gloucester County. 

Quaternary beds overhe the greensand deposits in greater or less 
thickness almost everywhere and are locally difficult to distinguish 
from them. Tertiary beds are also present as part of the overburden 
in many places, as at Sewell. Complete sections of fresh material 
can be had only by boring. For this work doubtless the auger would 
suffice at many localities, but at others closely packed gravel and 
pebbles, loose wet greensand, heavy shell beds, or firmly cemented 
layers offer obstacles that only the drill can overcome. 

FIELD WORK. 

Selection of sites for drilling. — ^Preliminary trips, begun near Im- 
laystown, in the southwestern part of Monmouth County, and con- 
tinued southwestward throughout much of the marl belt, soon 
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A. GENERAL VIEW OF WILLIAM HOFFMAN'S MARL PIT AT BIRMINGHAM. 
BURLINGTON COUNTY, N. J. 

About three-fourths of a mile northwest of station. Shows recent digging at the north end and, in 
the dbtanoe, the <4d west bank of the pit. 



B. SHELL BED AT THE BASE OF THE NAVESINK MARL AT MULLICA HILL, 
GLOUCESTER COUNTY, N. J., JUST EAST OF STATION. 
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demonstrated the need for drilling. Bids were invited, and the 
contract was let to Samuel J. Taylor, of Mount HoUy. 

In the selection of sites for drilling five requisites were considered. 
(1) The sites must be so spaced as to represent a considerable portion 
of the marl belt; (2) each site must be located in a tract large enough 
and flat enough for the establishment of a plant and the opening of 
pits; (3) the probable overburden should not exceed 10 to 15 feet; 

(4) the site must be along the southeast ec^e of the outcrop belt in 
order that the maximum thickness of the marl might be available; 

(5) the site must be near suitable means of transportation. On the 
basis of these requisities preliminary sites and alternates were se- 
lected by study of the map. These sites were then visited and the 
surrounding country inspected before final decision was made. The 
ownership of the land was then determined, and permission for 
drilling was obtained. 

In such manner sites were selected at Salem and Woodstown, ia 
Salem Coimty; Sewell, in Gloucester County; Somerdale, in Camden 
County; Elmwood Road, in Burlington County; and other places 
which it was found impracticable to utilize. At each site a square 
containing 2^ acres was selected. Holes were sunk at each end of 
one side and a third hole for a check at the end or middle of the 
opposite side. At Salem and at Somerdale a fourth hole was sunk 
outside the square, but at Elmwood Road only two holes were sunk, 
the contract having expired before the third hole could be started. 
During the period November 20, 1918, to March 13, 1919, 16 holes 
were drilled under the contract. These were all m the combined 
Homerstown and Navesink marls. In addition, through the courtesy 
of Mr. A. J. Mullen, superintendent of the Norcross & Edmunds Co.'s 
plant at Birmingham and Pemberton, men and tools were furnished 
for sinking three holes in the Manasquau mlj'l on the property of 
that company. The distances between drilling sites range from 8 
to 12 J miles. 

The holes were sunk generally into or through the marl. They 
ranged in depth from 9 to 70 feet and averaged 37 feet. Of the 16 
holes bored under contract 12 afforded complete sections from the 
surface through the marl beds. Observations were made on the 
character and thickness of the materials penetrated, and about 140 
samples were collected for analysis. Numerous well records were 
also gathered. 

. After the drilling was completed a trip with the State geologist 
into parts of Monmouth County gave opportunity for brief inspection 
of additional portions of the marl belt. 

Method of {2nS^7»j^•— Considerable variation was found in the char- 
acter and behavior of the overburden and of the marl in. regard to 
drilling at the different sites and in the different holes at the same 
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site. Equipment and methods that worked well at one hole would 
be unsatisfactory at another. Thus at almost every hole a certain 
amount of experimentation was necessary to facilitate the work. 

For two of the holes at Salem and for the first hole at Woodstown 
a light outfit, consisting of a 10-horsepower engine, winch, and 
tripod composed of 20-foot lei]^ths of l-J-inch pipe, was employed. 
Three-inch casing was used, and the drill bit and sand bucket were 
operated with ropes. Water filled the holes within a few feet of the 
surface. The marl had comparatively little binder, so that it could 
be removed only as sludge in the sand bucket. It was therefore 
necessary to follow the drill closely with the casing. For two of the 
holes at Salem a Cyclone drill of standard pattern was used. At 
Woodstown the tripod of the light outfit was replaced by a wooden 
derrick built into a portable rig, on which the engine and winch were 
also mounted (see PL VII, -4), and this rig with modifications was 
used throughout the rest of the contract work. 

In some of the holes where conditions were favorable the marl was 
removed directly with an auger. In some of the holes also a cylin- 
drical tube was attached to the drill bar and driven down to obtain 
a core. This method proved on the whole unsatisfactory. There 
was more or less interchange from rope to rod tools and back again. 
The most rapid progress was made by the use of the drill bit and 
sand bucket attached to light rods and operated by hand by two men. 
On the Norcross & Edmunds property an 8-inch posthole auger with 
overlapping blades, one of which could be raised for removing the 
load, was used. This was operated by two men. 

Method of sampling. — In sampling, as in drilling, the varying con- 
ditions at succeeding holes required more or less experimentation at 
each hole, and improvements in method came as experience with the 
material to be sampled grew. The aim was to procure fair average 
samples of all material from the top of the marl to the bottom and to 
have the samples represent uniform intervals, so far as was practi- 
cable. Uniformity of interval was prevented to a considerable degree 
by the conditions of the work. For example, where a 5-foot sample 
was intended a change of material might come within 1 foot and thus 
necessitate starting a new sample. Again, a change in the type of 
tool, as from auger to drill, or the close of work for the day before the 
desired depth had been reached would make advisable the beginning 
of a new sample. 

At holes 6 and 7 at Woodstown, where a given bed seemed uniform, 
single augerfuls or bailings, taken at imiform intervals or after a 
noted change in the character of the marl, were considered repre- 
sentative samples. This method saved time but was discontinued 
in favor of the continuous-sample method. 
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A. DRILLING OUTFIT AND OPERATIONS AT WOODSTOWN. SALEM COUNTY, N. J 



B. SAMPLING TROUGH IN USE AT ELMWOOD ROAD. BURLINGTON COUNTY, N. J. 
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So much water was present in most of the holes that the auger was 
generally ineffective at depths greater than 10 to 25 feet. The 
cylindrical bit with vertical sht for cleaning was effective in a few 
places; but where the material was incoherent it could not be brought 
to the surface. The more tenacious beds were penetrated only with 
difficulty by the cylinder, and the removal of material from it was 
very slow. The most expeditious method was drilling and sludging 
with the sand bucket, care being taken to case off beds that would be 
likely to modify the sample. Several samples taken by the auger or 
cylinder were taken in duphcate by the sludge method as a check. 

Some experimentation was necessary in handling the material 
collected for samples. At hole 1, at Salem, the sludge was strained 
on cheesecloth spread over a perforated bucket or on screens on the 
ground. There was some loss of the claylike fines, but the lower 
layers of the sludge served as a filter for overlying layers, so that the 
loss of fines was thereby reduced. The remaining moist material^ 
with a texture of somewhat clayey sand, was kneaded on oilcloth or 
canvas and divided six to eight times to duphcate samples weighing 
about li pounds. 

At hole 3, at Salem, the sludge was coUected in barrels and allowed 
to settle over night, the water being then siphoned off. The remain- 
ing material was too wet to divide on canvas. It was therefore 
thoroughly mixed in the barrels and divided by discarding alternate 
bucketfuls until duphcates weighing about 1^ pounds were obtained. 
This method also involved some loss of fines because of the slow 
settling of the claylike portion and the difficulty of siphoning without 
stirring the light fines. 

* At Woodstown two especially constructed boxes, each fitted with a 
set of three screens, were employed. The soUd material from the 
collecting barrel was spread on cheesecloth on the screens in the hope 
that it would filter the clayey water of the sample, which was then 
poured into the boxes. Tlie operation was not successful. Either 
no water would pass through, or if it did the colloidal matter passed 
through with it. The collecting and filtering operations, both at 
Salem and at Woodstown, were seriously hampered by freezing. 
Filtering was abandoned, and the plan of dividing the soUd and 
liquid portions separately and proportionally was tried, the end prod- 
ucts of each division being combined for the final sample, which 
was then dried in pans over oil stoves, care being taken to avoid 
overiieating and oxidation of the glauconite. It was feasible to 
collect some of the samples at Woodstown by means of the auger and 
the core tool. These samples were mixed and divided on canvas and 
dried on oil stoves. 

At Sewell it was also possible to collect some of the samples with- 
out sludging, but that method proved necessary for many of them. 
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The labor of mixing and dividing large quantities of marl was obviated 
by using a trough with an end gate for collecting the sludge, as shown 
in Plate VII, B. The sludge in the trough was mixed thoroughly, 
and a sufficient quantity ladled out to provide duplicate samples, 
one of which was dried as above described and the other preserved in 
a 4-ounce wide-mouthed bottle. If more than one troughful was 
required for a given sample, proportionate amounts were preserved 
from each troughful and were mixed and divided for the final sample. 
This method was used at the other localities whenever sludging was 
necessary, care being taken to keep the sludge as thick as possible 
and to operate the sand bucket so as to take only material from the 
bottom of the hole. 

DisadvaTitages of wet method. — ^The main disadvantage of the wet 
method of coUecting marl samples is that by loosening the marl some 
of the finer constituents are mingled with water, and the relative 
proportions of coarse and fine materials are thereby slightly altered. 
The coarse constituents of the marl are relatively heavy and settle 
rapidly to the bottom of the trough, so that it is frequwitly difficult 
to get a imif orm mixture. There is danger, too, of intermixture of 
material from farther up the hole, but this may be obviated to a 
considerable degree by suitable casing. 

As shown on pages 126-126, the finer constituents of the marl con- 
tain potash in amounts varying from place to place and in different 
beds at the same place. Where the potash content of the fines of a 
given sample is less than that of the sample as a whole a loss of fines 
in collection would mean some enrichment of the sample, or an un- 
due amount of fines collected would mean a corresponding impover- 
ishment of the sample. 

Three pairs of samples, one of each pair taken by the auger or 
core tool and the other by the wet method, at hole 8, at Sewdl, show 
that the wet samples ran lower ia total potash than the others by 
amounts ranging from 0.07 to 0.35 per cent, the average difference, 
weighted according to the thicknesses represented by the samples, 
being 0.285 per cent. As similar methods were followed at succeed- 
mg holes it seems probable that these figures show the order of dis- 
crepancy between the wet and auger or core-tool methods. 

The lithologic character and potash content of the samples from 
Salem and Woodstown are comparable to similar features of samples 
from other holes, so that there appears to have been no undue en- 
richment or impoverishment of the samples from those localities on 
accoimt of fines. 

The potash was determined throughout this investigation by the 
method outlined by Hicks and Bailey.' 

* Hicks, W. B., and Bailey, H. K., Methods of analysis of greensand: U. S. Geol. Survey BuIL 660, pp. 
61-68, 1918. 
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Detenrdruition of weight — ^The density and moisture content as 
well as the potash content were determined for several samples of 
greensand, as shown in the accompanying table. 

Potash, Tnoisture, and density determinations for selected samples of New Jersey greens(md, 

[B. K. Bailey, analyst.] 



Field 
No. 



Locality. 



KiO. 



HtO 
St about 

wo-o. 



Density. 



M-7 

M-10 

li-63 

K 

R 



Hole 3, Salem, (p. 23; 
Hole 5, Woodstown 

Hole 6, Woodstown 

Sewell, West Jersey Marl <& Tranj^rtatlon Co. 

Atiannc Potash Co., about 1^ miles east of Marlton. 

R. S. Ryan plant at Reeves station, 2 mUes north of Medford . 



ill: 



Percent, 
6.U 
6.48 
7.56 
7.80 
7.63 
6.25 



Perceta. 
a 18.48 
23.97 
24.45 
20.50 
14.20 
17.38 



2.958 
2,925 
3.063 



a Sample damaged before reaching laboratory and contents transferred to bottle; hence HsO content 
may be lower thui that of actual sample. 

Samples M-7, M-9, and M-10 were collected with the idea of finding 
how much water the greensand would retain when saturated. They 
were collected in an excess of water and forwarded to the laboratory 
in sealed cans. Before analysis they were placed in containers whidi 
would prevent evaporation but permit the excess water to drain 
away. The analyses show that marl taken directly from the pit and 
loaded without drying in wagons or freight cars, as was done by one 
company, may contain from 18.5 to nearly 25 per cent of water. 

Sample M-63 was collected from a frc^ stock pile gathered for 
shipment at a pit about three-quarters of a mile S. 70^ E. from Sewell 
station and had been taken from the jHt only a few moments before 
collection. It is a mixture of gray and dark-green marl. 

Sample K was taken from a depth of 20 to 32 inches in the top of a 
stock pile that was probably less than a year old. It consisted of a 
mixture of green and brown marl judged in the field to be of excellent 
quality. 

Sample R came from a freshly opened bed about 10 feet below the 
surface. It was black marl of apparently good quality. 

Four determinations of the weight per cubic foot of greensand as 
taken from the ground were made in the field by weighing the material 
used to fill evenly a measured box of convenient size. A sample of 
the same material in each lot was preserved for the determination of 
moisture. The average weight of the material as taken from the 
ground according to these measurements was about 93 poimds to 
the cubic foot, or about 2,500 pounds to the cubic yard. The average 
weight of the dried material calculated from the moisture percentages 
in the above table was about 79.5 pounds to the cubic foot. A 
fifth determination of dried residues from Several samj)les obtained at 
hole 6, Woodstown, gave 81.8 pounds to the cubic foot, but some of 
these residues had been exposed to the air for several days after 



Digitized by 



Googk 



20 POTASH IN THE GItEEKSAI!n)S OF NEW JEBSEY. 

drying. The average weight of the five dried samples was about 80 
pounds to the cubic foot, or 2,160 pounds to the cubic yard. 

The figures given above are probably fairly accurate for the weight 
of the better material as ordinarily handled. Estimates of tonnage, 
however, are concerned with marl in the ground, which is presumably 
much more compact than marl removed to stock piles. According 
to the density determinations given in the table the weight of dry 
greensand, if massive and compact, would range from 182.7 to 191.4 
pounds to the. cubic foot and would average about 186 pounds to 
the cubic foot, or more than 5,000 pounds to the cubic yard. The 
marl in the ground, being imconsolidated, is probably much less 
compact than the degree required by this figure. Its actual weight 
doubtless lies between the two extremes given and for the purposes 
of estimate may be assumed to be their mean, 133 pounds to the cubic 
foot or about 3,580 pounds to the cubic yard. The voids, or open 
spaces due to lack of consolidation, would represent on this assumption 
28 per cent of the mass of the marl. 

Collection of weU data. — ^During the progress of field work several 
weU drillers were interviewed and farms on which wells had been sunk 
were visited. The well records at the ofiice of the State geologist 
at Trenton were searched for data bearing on the districts explored. 
Published accounts were also reviewed with the hope of extending 
the inferences based on the drilling. 

Other field data. — ^The field notes of the State geologist and his staff 
were kindly placed at the disposal of the writer and have been utilized 
to supplement the information gained by drilling. 

GEOLOGIC MAP. 

The geologic map as prepared by Knapp on the scale of 1 inch to 
the mile (1:63,360) has been adjusted to the somewhat larger base 
of the U. S. Geological Survey (1:62,500). (See Pis. I-III.) The 
map does not show Quaternary deposits, and as these are widely 
distributed throughout the area, it shows the actual surface conditions 
at comparatively few places. It is valuable, however, in showing the 
general breadth and outline of the areas in which the marl beds may be 
presiuned to be within reach of the surface and may serve as a useful 
basis for tonnage estimates for any selected area. In its preparation 
Ejiapp visited all available exposures and made frequent tests with 
the auger. The map may be regarded as generally accurate. One 
or two slight modifications in it have been made as a result of the 
writer's observations. At a few other places surface examination 
suggested further modifications; but without opportunity for the 
detailed work necessary for revision it waa thought best to leave the 
map unchanged. It is therefore presented essentially as drawn by 
Knapp but without delineation of the formations preceding the Nave- 
sink or succeeding the Shark Kiver. 
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All localities discussed are referred so far as practicable to the 
maps (Pis. I-III), consecutive numbers being employed in order of 
reference. The locations of many of the wells are not accurately 
given in the available descriptions. The positions of such wells 
are indicated on the maps with a query (?). 

RESULTS OF FIEIjD WORK. 

SAUBM DISTBIOT. 

SELXCTIOir AHD LOCATIOV OF SZTXS. 

Published accounts give little information about greensand marl 
near Salem, but the geologic map of the State shows both the com- 
bined Homerstown and Navesink marls and the Vincentown sand 
occupying broad areas near Salem and passing southwestward to 
Delaware River. Salem has railroad facilities and, through Salem 
Creek and its tributary Pen- 
wick Creek, excellent means of 
water transportation. It was 
therefore decided to make Salem 
the starting point in the inves- 
tigation. 

The selected drilling sites lay 
9n opposite sides of Walnut 
Street, about three-quarters of 
a mile S. 23® W. from the court- 
house, on the farms of Louis 
Fogg and T. R. Miller. A sup- 
plementary hole was started in 
a field belonging to Lucius 
Hires, about a quarter of a mile 
north of the other sites. 

HOLES 1 TO 4. 

The overburden at hole 1 
proved so thick, 25 feet, that 
commercial development 

seemed unlikely. It was therefore determined merely to check the 
thickness and character of the overburden at the other holes in that 
vicinity and to confirm the character of the marl at one other local- 
ity. Thus at hole 2 only the overburden was penetrated; at hole 3, 
the overburden and 16 feet of marl, enough to show the presence of 
marl in commercial quantity and quality. At hole 4 the drill stuck 
in gravel at a depth of about 9 feet. Work was discontinued because 
of the thickness of the overburden in holes 1 to 3 and the reported 
thickness of overburden in wells in the vicinity. The positions of 
the four holes are shown in figure 2 ; their records f oUow, 




FiQimE 2.— Sketch map of part of the Salem distrlcti 
showing the location of holes 1-4. 
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Records of holes in Salem di$1arvct. 

LoeaSty 1, hole 1. 

[Fann of Louis Fogg, Walnut Street, Salem, about three-quarters of a mile S . 23* W. of courthouse. £lo> 
vation of surface, aoout 2 feet. S. T. Taylor, drilkr. Analysts: Chase Palmer (M-1 to M-4), B. K. Bailey- 



Thick- 



Depth. 



Field 

No. of 

sample. 



EaO. 



Formation. 



Top sod and dark soil 

Clay, dark gray, sandy, with scattered quartz 
pebbles and including 6-inch water-bearing 
bed of yellow i>ebbly sand at depth of 3 feet 
3 inches. 

Gravel, coarse and fine angular fragments ^ 
inch to 2 inches in diameter, chiefly quartz, 
with some chert. More or less alternation oi 

pebbles becoming more rounded. A few 
weathered needles of amphlbole (7). 

Sand, deep yellow to orange-vellow, with black 
specks; contains scattered tiny pebbles, espe- 
cially near the top. Lowest foot glauconitic. 

Clay, glauconitic, yellowish ereen, somewhat 
sandy, containing scattered: peboles \ to \ 
inch in diameter and scattered chocolate-col- 
ored clay pellets. 

Olauconite beds, clayey, yellowish, with some 
coarse particles of quartz; grades into clay 
above. At base a few ferruginous and clayey 
nodules i to | inch in diameter and contain- 
ing grains of glauconite. 

Olauconite beds with more or less grayish-yellow 
clay intermingled. Lowest foot nearly black; 
some nodules with grains of glauconfte. 

Glauconite beds, black, with grainsof glauconite 
as large as ^ inch in diameter and a few 
grains of quartz. 

Gmuccnite oeds containing considerable green- 
ish clay, scattered tiny pebbles of quartz 
about \ inch in diameter, and glauconitic con- 
cretions as large as \ inch in diameter. 
Glauconite bed like fast but toward base con- 
taining shell bed that was not measured but 
is probably only a few inches thick. 
Glauconite beds with greenish clay in some- 
what larger proportions than above. Some 
fragments of large shells ( Exogyra or Orfmhaea ) 
anobroken casts composed of consolidated 
greensand together with a few tiny pebbles 
("rice graver'?) are included. 

Sand, glauconitic and clayey; much quartz, 
some grains of which are fine enough to float 
by surface tension; clay, greenish gray, less 
abundant than in above beds; some shell frag- 
ments; water bearing. 



Ft. in, 
1 
5 8 



4 4 



Ft. in. 
1 

6 8 



PereenL 



Recent. 
Pleistooene. 



Da 



14 
1 



7 4 

4 3 
1 

3 9 
2 

4 2 



28 
30 

37 4 

41 7 

42 7 

46 4 

48 4 

52 6 



M-1 
M-2 

M-^ 
M-5 



6.11 
6.30 

6.57 

7.27 
7.26 



Do. 



HomeistowiLa 



Do. 



Do. 



Do. 
Nave8ink(r)a 



Mount Laurel a 
and Wenonah. 



a For the use of these names in this and subsequent records see stratigraphic notes, pp. 135-137. 

LocaHty 2, hole 2. 

[Same general locality as hole 1, 310 feet S. 42^ 3' W. from it. Surf^e elevation, about 2 feet. C. C. Hol- 
* laday,drmer.) 



Thick- 
ness. 



Depth. 



Formation. 



Soiland muck, dark colored 

Clay, gray, sandy 

Gravel with yeuow sand and small quartz pebbles, suc- 
ceeded by lighter-colored sand and gravel containing peb- 
bles; usually not over finch but locally 2inche8indiiam- 
eter: succession generally similar to that at hole 1. 

Gravel,deeper veuow, less admixture of sand 

Sand, yeUowisn to greenish, with Increasing amount of 
glauconite. 

Glauconite beds with some admixture of yellowish clay, not 
penetrated. 



Ft.in. 
1 

6 3 
8 9 



8 8 
9 



Ft. in. 
1 

7 3 
16 



24 8 

25 5 



Recent. 
Pleistocene. 
Do. 



Do. 
Vincentown (?). 
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s. I 



I s. 



[ICeadow beianglng to T. B. ]ail«r»on Walnut StrMt, about tluea^niarton of a mOa south of eourthouae 
at Salem and^n feet N. ^ W. from hole 1. Sorftoe elevatioii, about 2 feet. C. C. HoUaday, driller. 
Analyst, R-K.BaUey.] 





TMck- 
nesB. 


Depth. 


Field 

No. of 

sampla 


KjO. 


Formation. 


Top soil and black mndc 


Ft. in, 
2 
7 

7 

6 

6 
5 
5 d 

6 


Ft, in. 
2 
9 

M 

21 

26 
31 
96 6 

37 




PcreenL 


Recent fT). 


day, bluish eray, very smooth and soft, not 
gritty like that below soUin holes 1 and 2. 

Clay, brown, peaty, with pieces of twigs and 
bark. 

Gravel, grayish, containing small quartz peb- 
bles and a pebble of greenst<me 2 inches in 
diameter; becomes yellowish and finer tex- 
tured with grains of glanoonite in the lower 

Gl^ioonite beds, containing seme yellowish 
clay. 

Glauoonite bed, at first coarse, then finer, with 
considerable clay. 

Glauconite beds with considerable green clay 
and scattered grains of quartz as large as i 
inch In diameter; lumps of ereen clay contain- 
ing glauconite grains indicate more clayey 
layer at base. 

Glauconite bed like those above; not penetrated. 






Do. 






Do. 






Pleistocene. 


11-7 
11-8 


6.14 
7.72 


Homerstown. 
Do. 

Do. 









4, hole 4. 

[Meadow belonging to Lucius Hires, about 1,350 feet N. 10* W. fh)m hole 1. Elevation of surface, about 2 

feet. S.J. Taylor, driller.] 





Thick- 
ness. 


Depth. 


Formation. 


Rronm and black soil and muck.... X. ... .. s... ... 


Ft.in. 

1 6 
4 6 

6 

2 1 


Ft.in, 
1 6 
6 
6 6 

8 7 


Recent. 


Clay^, gray, sandy 


Pleistocene. 


Saniff^lra^, very ctayey. containing a few angular quartz 
pebbles and a gray sandstone pebue 2 inches In diameter. 

Gravel with coarse pebbles, chiefly quartz, some as large as 
2 inches in diameter; not penetrated further. 


Do. 
Do. 



The data of holes 1 to 3 are summarized in the following table: 
TkickTiess and quality ofgreensand beds at holes 1 to S, Salem, 





Bed. 


Sample. 


Thick- 
ness 
of bed. 


Average 


Hole. 


No. 


Thickness 
repre- 
sented. 


KiO. 


content 

of 
KjO.a 


1 


Overburden 




Ft. in. 


Percent. 


Ft. in. 
25 

12 4 

9 
2 

35 5 

21 
10 
5 6 

23 10 


Percent. 




Unnerbed 


IM-l 

\M-2 

/M-3 

\M-4 

M-5 


5 

7 4 
6 3 

8 9 
2 


6.11 
6.30 
6.67 
7.27 
7.28 


6.22 




Middle bed. 


6.86 




Lower bed 


7.26 


2 






3 


...do. 












Upper bed 


M-7 

M-8 


10 
6 6 


6.14 
7.72 


6.14 




Mwdle bed (not penetrated) 


7.72 










Upper bed 








I 




11 2 

c9:k 

2± 


»6.19 




Middle bed 








6 7.19 




Lower bed 








C7.26 
















22 2 


d6.69 



a Average for bed weighted according to thickness represented by the respective samples. 
b Average for bed in 2.5-acre tract weighted according to thickness at respective holes, 
c Figures for hole 1 onlv. 

d Average for entire thickness of marl in 2.5-acre tract, assuming that thicknesses for middle and lower 
beds at hue 1 apply to entire area. 
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WELL DATA. 

According to Twitchell * six wells have been drilled at Salem for 
J. Q. Davis, east of the railroad station, on the margin of the meadow 
adjoining Fenwick Creek, at an elevation of 3 to 5 feet. Three of 
these wells are 130 feet deep and three 100 feet. The water rises 
within 1 or 2 feet of the surface. As is shown by the record below, 
the wells start in the Vincentown sand, which, with a foot of over- 
lying marsh mud, constitutes an overburden of 20 feet. The com- 
bined Homerstown and Navesink marls are 35 feet thick, and the 
water is taken from the underlying Mount Laurel and Wenonah 

sands. 

Record of well of J. Q, Davis, at locality 5, Salem, 

[Elevation, 3 feet; depth, 130 feet.] 



Thick- 



Depth. 



Formation. 



Marsh mud. roots, etc 

Yellow sand ^th some greensand 

Olive-green marl 

Dark-green marl 

Oreen marl, slightly lighter in color 

Sand with BelemnUes and some fragments of shell 

Sand, water bearing 



Fea. 



Feet. 

1 

ao 

30 

40 
55 
60 

130 



Vincentown. 
Homerstown and Nav- 
esink. 
Do. 
Do. 
Momit Laurel and 
Wenonah. 
Do. 



If Twitchell's interpretation of the record at locality 5 is correct 
the boundary between the Vincentown and Homerstown should be 
drawn far enough west to include at least this locality. 

A well at Oakdale farm (locality 6), about a quarter of a mile 

southeast and down the dip of the beds from locality 6, shows 40 

feet of marl beneath an overburden of 30 feet of clay, gravel, and 

sand. 

Record of well of Stewart Craven at locality 6, Salem, 

[About 0.4 mUe S. 52** E. from railroad station, on south aide of street. Elevation, about 10 feet. C. C. 

HoUaday, driller and informant.] 



Thick- 



Depth. 



Formation. 



Clay, gravel, sand 

Blue and black marl 

Sand with somemarl mixed in it (marl may have come from 

above). 
Sand with good water 



Feet. 
30 

40 

10 

23 



Feet. 



30 
70 
80 
103 



Pleistooene and Vin- 
centown (?). 

Homerstown and 
Navesink. 

Mount Laurel and We- 
nonah. 
Do. 



It seems likely that much of the overburden here is Pleistocene 
rather than Vincentown. The same statement is probably true 
regarding localities 1 to 4, as shown by the detailed records. At 
locality 5 also Pleistocene beds may form a larger share of the over- 
burden than is thought by Twitchell. 

< Twitchell, M. W., unpublished manuscript. 
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The northwestward beveling of the greensand marl by erosion is 
perhaps shown by the following record: 

Record of weU o/E. /. Heim Co. at 2ooa% 7, SaUm. 



[Fimwick Creek, aboatO^ mile N.4rW. of niliwdstatioa. EUmitioD, aboat 3 feet. C. C. HuUaday^ 




TbickT 

ness. 


Depth. 


ForaiatiOQ. 


Clay 


Ftet. 
8 
8 

6 
53 
6 


FteL 

8 
11 

17 
70 
76 


Pleistooene. 


Qnm marl , , 


Homorstown and NaT* 


BlarJr 8and ffl" bhie mart ... . . ...... 


esiiik(7). 
Do. 


YeUcnrsand 


Do. 


flravfli and gray sand. . . .... 









If the green and blue marl of the above record are undisturbed a 
diminution of 26 to 31 feet in the thickness of the marl has occurred 
betweeA localities 6 and 7. The overburden also has been reduced 
from 20 or 30 feet to only 8 feet. The thick yellow sand and the 
gravel in the lower part of the hole suggest that the entire mass of 
the material penetrated by the well may be Pleistocene and may 
represent filling in the formerly more deeply eroded valley of Fen- 
wick Creek. Present data are insufficient to determine this point. 

A 40-foot well drilled by Haines Bros, for Howard Harris * about 1 
mile west of Salem penetrated only fine yellow sands to a point near 
the bottom, where the color changed to white. These sands are 
probably Pleistocene. This well is cited merely to show the thickness 
of Pleistocene overburden that may be expected along the lower 
course of Salem Creek and in low-lying lands near the Delaware. 

A well at Moores Comer, about 1.2 miles south of the courthouse 
at Salem, shows the coiitinuance of thick beds of marl along the strike, 
but it shows also the increase in overburden toward the southeast^ 
The record-follows: 

Record of well of Frank Brovm at locality 8^ Moore$ Comer, 

[Opposite fork and about 100 feet east of road. Elevation, about 11 fOst; depth, 130 feet. C. C. HoUaday, 

driller.] 





Thick- 
ness. 


Depth. 


Formation. 


Coarse srayd 


Feet, 

4 
3-4 
32db 
25-30 

50 


Ftet. 

4 

8 

40 

70 

120 


Pleistocene. 


8and..T. 


Do. 


Yftjiowday 


Do. 




Homertown and Nav- 


BIaaV f^T)d, water bearing 


esink. 
Mount Tj^nr^l and We* 




nonahr 



* New Jeney Geol. Survey Ann. Rept. for 1901, p. 105, 1902. 
8S625**— 22 3 
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Southeast of the area mapped as Vincentown three additional 
borings throw light on the thicknefls and character of the overburden 
in that district. 

A well drilled for Dr. Hummel at Sandy Ridge farm (locality 9), 
about 1 nule N. 42^ W. of the Quinton railroad station, shows, 
accc»*ding to C. C. Holladay, driller, 36 feet of overburden and 23 
feet erf "li^t-colored marl." This marl may be Vincentown, but it 
lies within the area mapped by the State Geological Survey asEork- 
wood and may represent a marly phase of that formation, which 
farther southeast is known as the Shiloh marl member of the Kirk- 
wood formation, and was formerly dug as a fertilizer.* 

A well near Hagerville gives the following record: 

Reoofd qf tvell of James PettU at locaUty lOy about half a mite sotUheast of Hagerville. 
[South sktoofrotd. Etovatioii, 5i: feot. C,C.H<4]ad»y, driller and InXomiant.] 



Thick- 
ness. 



Depth. 



Formation. 



Clay, gravd, and sand , 

Shell marl; effervesces strongly with acid. 

Qoidcsand. 

Sand and coral; stopped in ooraL 



Feet. 
17 
10 
58 
15 



Feet. 
17 
27 
85 
100 



neistocene. 
Kirkwood (?). 

Do. 
Vincentown (7). 



It is supposed that the upper bed of marl in this well may repre- 
sent the Shiloh marl member and the lower bed the lime sand 
or Vincentown. Upon this assumption the Homerstown marl at 
locality 10 will lie 110 feet or more beneath the surface. 

The well of Jerry Powell, on the west bank of Hope Creek near its 
mouth (locality 11), ''a stone's throw from the Delaware," is said 
by C. C. Holladay, driller, to be 264 feet deep. The greensand is 40 
feet thick and 200 feet below the surface. Water is obtained from 
a yellow sand beneath the marl. The marl is very compact. 

Two wells about 2{ miles east of Alloway on the road to Daretown 
show the increase in depth of the marl beds in the direction of the dip. 
One well is on the farm of Parvin Lloyd and the other on the farm 
owned by Samuel C. Reeve and occupied by Henry Hile. Both wells 
are at an elevation of about 40 feet. Woolman^ presents the follow- 
ing combined record: 

• Cook, O. H., Geology of New Jersey, pp. 471-473, 1868. 
'Woolman, Lewis, Artesian wells: New Jersey Geol. Survey. Ann. Rept. tor 1901, p. 102, 1902, 
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Combined record of two tiwUt f } wXUi east of AUoway. 

[No. 1: Elflraticii, 40 feet; depth, MO feet; driHer, Abrahsm DarlingtOL No. 2: Elvration, ao fett; depth, 

205 feet; driUers, Hainn Bros.] 



Tblek- 

ness. 



Depth. 



Age or formation. 



YeUowday 

"Blnenmd" 

"Marl and sand" 

Gray rock 

Sand, water-bearing 

Gray rock (9 inches) 

" Marl and sand, " well No. 2. 
Do 



Ftet, 

18 



72 



Fut. 

. 18 



106 
180 



P 



181} 

190 

191 

205 

240 



Ifioene in part at 

least. 

Mostly lime sands 
[Vinoentown]. 
Da 
Da 
Da 
Middle marl. 
[Homerstown and 
Navesink]. 



The thickness of the lime sand here is noteworthy, as is also the 
thickness of the maxl, which lies 191 feet below the surface. 

Record of well of Salem Water Co. at Qutnton.a 
[Depth, 248 feet; lOaner & Bennett, drillers.] 



Formation. 



Snriboe soil 

Gravel 

Clay with shflUs 

Green and white sandy, dayey mari 

AlteniatioDS of lime sand and limerock. . 
Clay * 



Greensand marl and shell oomminuted by drill . 
Oay 



Gray qnartioseaaiid with water. 



Thick- 
ness. 


Depth. 


Feet. 


Ftd, 


1 


1 


3 


4 


26 


SO 


8 


38 


106 


146 


2 


148 


14 


162 


4 


166 


63 


248 



Da ^ 
Eirkwood.] 
Manasquan.1 
Vlnoentownl] 
Homerstown and 
NaveBtnk.) 
Da 
[Moimt littunl and 
Wenonah.) 
Da 



a New Jersey Geol. Survey Ann. Rept. for 1894, p. 194, 1895. 

In the abore record the; formation names in brackets are substi- 
tuted by the writer for those used in the report cited. The thickness 
of the lime sand (108 feet) is remarkable. The thickness of the com- 
bined Homerstown and Navesink is rather low. 

OTHER DATA. 

The exposures of the three important marl beds nearest to Salem 
occur along Mannington Creek and its tributary Swedes Run in 
Marmiogton Township, from 3 to 5 miles northeast to nearly east of 
Salem. The limestone phase of the Vincentown sand is also exposed 
at the same locality. These formations were dug and utilized as 
fertilizer years ago, and analyses of samples from them are given by 
Cook.« 

• Cook, G. H., Geology of New Jersey, pp. 441-442, 1868. 
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The use of lime in extracting potash from greensand lends interest 
to the occurrences of the lime-sand and limestone phases of the Yin- 
centown sand as possible sources of the lime. The following analyses 
given by Cook show the character of this material: 

Analff$e8 of limestone and liine sand from the Vineentown mmd in Mannington Townekip.a 





1 


2 


3 




1 


2 


3 


Phosphoric acid 


ao4 

.06 

23.31 

1.81 


0.20 

.23 

&11 

1.40 




AliTmtim 


0.91 

3.07 

<W.61 

.24 


0.86 

3.56 

84.73 

.45 


} 6.20 
44.45 


Biilnmifiif Afiid .. 


"isfio* 

1.05 


0*lde of iixm 


Saicicacld 


Carbonate of lime 

Water 


M fumiMf A 












99.06 


99.54 


96u0O 



a Cook, G. H., op. dt., pp. 441-442. 

No. 1 is described as a fair sample of the *' Yellow limestone'' in 
Mannington Township. No. 2 is described as lime sand from pits of 
John Fowler, Swedes Bridge, Mannington Township. This is a 
sample of the loose variety, is gray in color, and contains many green- 
sand grains. No. 3 is described as lime sand from William Barber's 
pits, along a branch of Mannington Creek, Mannington Township. 
This lime sand was extensively used as a fertilizer. The stony layers 
were burned for lime, which had a wide use and gave good satisfac- 
tion. 

These pits have long been idle and have probably passed into other 
ownership, but the general locality can readily be identified from the 
map. The average content of carbonate of lime for the three samples 
is 66.3 per cent. The low magnesia content is noteworthy. Meas- 
urements of thickness are not now available, but the former use of the 
lime sand suggests its presence in commercial quantity. Cook * 
writes: ^' William Barber's yellow limestone quarry is perhaps the 
finest in the State; he has dug 25 feet in it without finding bottom; 
it is made up of alternating tabular masses of limestone and lime 
sand, the stone from 4 to 12 inches thick and the sand from 8 inches 
to 2 feet thick." 

The Shiloh marl, to which reference has already been made, was 
dug on branches of Stow Creek along the county line, about 9 miles 
southeast of Salem. The five analyses given by Cook ** show a maxi- 
mum content of about 15 per cent of carbonic acid (CO,), equivalent 
to 32 per cent of carbonate of lime. These analyses show a maxi- 
mum of 2 per cent of phosphoric acid and of 1.55 per cent of potash 
and soda combined. 

• Cook, O. H., op. dt., p. 273. 
u Idem, pp. 471-473. 
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bsthiatis of TonAox axd valits. 

At locality 1 the thickness of the marl sampled was 23.3 feet. At 
locality 3 the thickness sampled was 15.5 feet, but the marl at this 
locality was not penetrated. The average of the thicknesses sampled 
is 19.4 feet, but for purposes of compul^ation it may safely be assumed 
as 20 feet. The average potash content, weighted according to the 
thicknesses represented by the respective samples, is 6.62 per cent. 
The weight per cubic foot of marl, on the assumption of 28 per cent 
of voids, as explained in a previous paragraph, is 133 pounds. On 
this basis 1 acre wo«ld contain 43,560x20x133x0.0662^3 gp^ 

tons of potash (approximately), and 2.5 acres would contain 9,500 
tons. 

With an 80 per cent recovery and a price of $2.50 per unit (March, 
1920), the available potash in a ton of greensand from the locaUties 
sampled (6.62 per cent KjO) would be worth $13.24 and that in an 
acre $760,000. It is doubtful, however, if the price of potash can be 
maintained at that figure. At $1.50 per unit imder the same condi- 
tions the available potash in a ton of greensand would be worth $7.94, 
and that in an acre $456,000. These values have only theoretical 
interest, as they depend upon the potash being made available by 
processes whose success has not been demonstrated. 

Although the estimates given are for a single area of 2.5 acres the 
well records cited show that greensand marl occurs generally beneath 
the Salem area. The wells at locaUties 5, 6, and 8 show thicknesses 
of greensand ranging from 25 to 40 feet. These wells, as also the bor- 
ings at localities 1 and 3, are near the southeastern border of the bev- 
eled greensand belt, where the thickness is greater. Toward the 
northwest the thickness may be presumed to diminish to zero along 
the general northwestern border of the belt. 

ITTXLXZATIOir OF THE DEPOSITS. 

The record of the well at locality 7 appears to show that the over- 
burden may not be as thick along Fenwick Creek as elsewhere in the 
Salem district. On the other hand, the marl shown in that record 
may be reworked material of Pleistocene age and if so may have a 
lower percentage of potash than the imdistiffbed Cretaceous deposits. 
Systematic prospecting along the creek would be necessary to settle 
these imcertainties. 

Elsewhere the overbiurden in the Salem district appears to be too 
thick to permit any immediate utilization of the greensand in the 
Homerstown and Navesink marls, but the deposit may be regarded 
as a resource of possible future value. 
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WOOB8TOWN DISTRICT. 
BKLIOTXOH A3n> LOCATZOV OF BOMB. 

Considerable marl reported as of good quality was dug in the 
vicinity of Woodstown in the early days, and the material is still 
readily accessible, as is also the lime sand, which occurs in several 
stream valleys near the town. Railroad transportation is available, 
and Salem Creek has been reported as navigable below Sharptown. 
It is now utilized as far up as Course's Landing. Woodstown thus 
seems a favorable place for commercial development of the marl. 




FiQUBB 3.— Sketch map of part of the Woodstown district, showing the locations of holes 5 to 7 and of 

certain wells near Woodstown. 

The site selected is a field belonging to Isaac E. lippincott, at the 
north boundary of the borough, east of the road between Woodstown 
and Auburn, as shown in figure 3. 
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• TO 7. 



Three holes were sunk in an area of 2^ acres; their records follow: 

Records of holes in Woodstown district. 



LMdItir U, kale 5. 



[Field of Isaac K. lippinootty aboat 1 mfle niorth of Weodsloim stathm, 2& feet east of cohrert on itiad 
to Auburn, on north side of creek. Elevation of smiaod about 48 feet. S. J. Taylor, driller; R. K. 
Bailey, analyst.] 





Thick- 
ness. 


I>cpth. 


Field 
No.ef 
sample. 


KiO. 


Formation. 


8(dl, grayish to brownish, clayey, with some 
sandand grass roots; scattered quarts pebbles 
as large as 1 inch in diameter. 
Clay, sandy, with pebbles larger and more 
numerous than above; some lumps of green- 
sand. 
Sand, yellow, with larger proportions of green- 
Sand, yellow, becoming greenish with increasing 
prcmortion of giauocmite, few if any pebbles; 
jgrades downward into glauocniite beds. 
Glauconite beds with considerable greenishrgray 
day and fine quartz particles. Some scat- 
tered pebbles more than A inch in diameter, 
and some ^avelly material possibly worked 
down by sticking of pipe. 

Glauconite beds containing some fine sand 

Glauconite beds, dark greenish gray, compact, 

dayey. plastic. 
Glauconite beds, somewhat coarser; indude a 
few grains of quartz and chert about A inch in 
diameter and a few pieces of shell. At 22 feet 

noted. 

Glauconite beds with considerable light-green 
day, more firm. Lowest 1 foot contains frag- 
ments of shell and some quartz grains. 

Glauconite beds, with much drab-gray day, 
little or no quartz. At 32 feet material be- 
comes soft and tends to run. At 33 feet 8 
inches chocolate-colored day pdlets appear 
in glauconite material, also scattered eoarse 
grains of quartz. 

Glaucanite beds with much gravd, considerable 


Ft. in. 
$ 

1 

2 9 
1 9 

1 11 

1 I 
11 8 

5 5 

3 2 

10 4 

2 2 


Ft. in. 

6 

1 

4 3 

• 

7 11 

9 

20 8 

26 1 

29 3 

• 

39 7 
41 9 




Percent 


Recent. 






Pleistocene. 






I>0. 






I>o. 




• 




M-10 
M-11 


6.48 

7.M 

7.14 


Bomerstowii. 

Do. 
Navesink. 

Meant Laoiel and 


drab day and some shell^'flragments; water- 
bearing. 






Wenonah. 
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CFMA oTISMtt C UpplMJOtV W4 




irffltttiMeaBoatS 




iaaAcNr 



^ Mil, telc» <^mf , vitk 

<drMNiL yNlow, la ■ ^, 

OlU ow rit rSids» «iC«iA ^^^ 

nMMli «rM>» pwK)« «K*(d «l 

CiMiMidM Imi^ $i»Uar l« «feQf<r« Holt 




«» SI 



S 1 



O 1 



» 



.1 



«iif!iiiter«R4 wai)d«d; i«» 42A11 p$|i^ wsmt 

^eiMMmii^ >««d$N M*r^. •dbi<!WT, X49NMB;. «r9«ae^ 
«Di)jr viniiwm. i*^5*a«»>^ il-4«-J Jw« «f ' 

^ttUMinii* 1»&s iirwin. )«9^ T*ni»nnaiit itf 

««, to* UKvTaw^fi. «r»T»ii«»';X »:Jtorni. I 
J^MnjCI^ lift -1f 7!q|«K«M$^ aiMirifc.>m .dt^isL 



3 3 
1 4 



3 i 



S^74 



S.T9 



Do. 



i 1^ 



m • M-c 



^»! 



z«. 



s f « s »« ■ ^a 



1 ft 



I mud 
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83 



14, ]Ml0 7. 

[Field of Isaac K, lipptnoott, 'Woodstami, 330 feet S. 83* £. from hole 5. Elevation of surfece about 50 feet. 
B. J. Taylor, difller; K. K. Bailey, analyst.! 



Thick- 



Depth. 



Field 

No. of 

sample. 



KfO. 



Formation. 



Soil, brown, dayev 

Clay, brown, stiff, becoming gray and sandy 
toward base. 

Gravel, matrix of erayish-drab clayey sand, 
quarts pebbles as large as 1| inches in diam- 
eter. 

Clay, very sandy, deep yellowish brown, with 
some streaks of gray sandyclay . 

Clay, brown, sandy, with a few pebbles and 
some grains of ^inicxmite that give a greenish 
tmt. 

Gravel with quartz pebbles as large as 1} inches 
in diameter. Matrix sandy day, compact. 

Sand, glauconitic, with some day and a few 
small pebbles, greenish brown, becoming morb 
greenish downward with increasing propor- 
tion of glauconite. At depth of 11 feet washed 
sample contained a large percentage of quarts 
sand and some eralns of gravel, which may 
have descended from above in drilling. 

Glauconite beds, grayish green, stiff clayey 
material, becoming somewhat more compact 
at base. Sample M-20, taken from 12 feet 6 
inches to 13 feet 6 inches, regarded as repre- 
sentative of bed. 

Glauconite beds, grayish green, soft; tends to 
run. Sample M-21 taken from a bailing at 
depth of 18f eet, regarded as representative. 

Glauconite beds, more greenish color, upper 18 
inches fairly stiff; lower part soft, with tend- 
ency to run. Less clay and quartz than over- 
lying bed. Numerous shell ftagments, nod- 
ules of marcasite with included grains of glau- 
conite. Sample M-22 represents 1 foot of 
material taken at depth of 20 to 21 feet but 
regarded as typical of entire bed. 

Glauconite beds of lighter-green color due to 
admixture of green clay; glauconite grains 
fine and black, soft, with tendency to run. 
Nodules of marcasite and a few clay pellets 
present. Sample M-23 regarded as represent- 
ative of bed, but indudes only material from 
25 to 26 feet. 

Glauconite beds, gravish black, containing 



ieces of shell and a few quarts pebbles rang- 

ig from i to U inches in diameter. At 27 

feet sample M-24 taken of water circulating 



piec 
mg 




onitebeds. Sample M-25 taken 
' at depth of 31 feet regarded as 

flve of entire bed. 

n, dense rock composed largely of iron 
carbonate and containing scattered grains of 
glauconite; whitish when first encountered 
but purplish drab after drying and standing. 

Glauconite beds, thin; green dayev layer, then 
greenish to blackish-gray material, rather soft. 
In alternating layers. Sample M>26 from a 
bailing at depth of 34 feet regarded as repre- 
sentative of bed bdow the harapan. 

Glauconite beds; stiff clayey layer about 3 
inches thick succeeded by water-bearing glau- 
conite and quartz sand 6 mches thick. 

Glauconite beds, blacUsh-gray material, rather 
soft and uniform. 

Glauconite beds with some gravel, water bear- 
ing. 

Glauconite beds, somewhat coarser. Sample 
taken firom bailing at 41 feet. 

Glauconite beds, containing casts of gastropods, 
pieces of shell, rice gravd, and considerable 
day. Grades downward into more sandy 
mat^ial with continuation of rice gravd. 

Sand, mostiy quartz but with some glauconite, 
day, and sneu fragments. 



Ft, in, 

1 
1 6 



10 



1 
6 6 



4 8 



1 
5 10 



5 6 



2 9 
6 
2 
6 



Ft, in. 
1 

2 6 

3 2 



4 

5 

6 
12 6 



17 2 



18 2 
24 



Percent, 



M-20 



M-21 
M-22 



M-23 



31 6 

32 

37 

37 9 

40 6 
41 
43 
49 

50 



M-24a 
M-2o 



5.66 



5.62 
6.48 



7.S7 



65.37 
7.40 



Recent. 
Pleistocene. 

Do. 

Do. 
Do. 

Do. 
Vinoentown (7) 



Homerstown. 



Do. 
Do. 



Do. 



M-26 



M-27 



4.74 



M-28 



6.57 



► Do. 

Do. 
Navesink. 

Do. 

Do. 

Do. 

Do. 

Mount Laurd and 
Wei 



Do. 



•Water only. 



ft Dried residue from water sample. 
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The data of holes 5 to 7 are summarized in the following table: 
Thickness and quality ofgreefnsand beds at holes 6 to 7, Woodstown. 





Bed. 


Sample. 


Thick- 
ness 
dbed. 




Hole. 


Na 


Thickness 
repre- 
sented. 


KtO. 


oontent 

of 
KsO.a 


5 


Overburden. ... 




FLin. 


PereenL 


FLin. 

7 11 
12 9 

8 7 

10 4 

10 

11 10 

18 2 

5 

12 6 
11 6 

- 8 
11 
10 2 


PercenL 




Grfty marl ....-,. r ,.,. ^ „ 


M-4) 

M-10.... 
M-11.... 


12 9 
8 7 
10 4 


«.48 
7.56 
7.14 


6.48 




Oreep marl ,-,.-_,_,- ^ 


7.66 




Chooolftte marl 


7.14 


6 


Overburden. . . 






Gray marl .-. 


(M-12.... 
M-13.... 

M-ii:::: 

M-15.... 
M-16.... 
M-17.... 
M-18.... 
M-10.... 




6.74 
6.79 


ft 6. 75 




Oreen marl 






«.98 
7.88 
7.80 
7.76 
7.66 
2.92 


7.67 




Chocolate marl . ^ , - ^ , - , x 


6.17 


7 


Overburden 






Gray marl ,,-.-,,., ^ . ^ 


fM-ao.... 

M-21.... 

S:i;::: 

M-25.... 

M-ae!!!! 

M-27.... 

M-as!!;: 


2 

5 6 

5 

3 3 
2 


5.66 
5.62 
6.48 
7.37 
7.40 


6.07 




Green marl . . - - - r 


«7.39 




Cbooolate marl 






6.66 
4.74 


<i6.45 




Average: 

Overburden 






6.57 






Oray T^ari 












12 

11 7 
8 9 


«6. 12 




Green marl 






«7.58 




Chncniate T^ari ' r . . 






«6.eo 














32 4 


/6.80 



a Average for bed weighted according to the thicknesses represented by the respective samples. 

b Average for 10 feet 6 inches. 

c Average for 7 feet 6 inches. 

d Average for 7 feet 9 inches. 

« Average for bed in 2.5-acre tract Weighted according to thickness at the respective holes. 

/ Average for entire thickness of marl In the 2.5-acre tract. 

WELL DATA. 

A number of wells drilled m the vicinity of Woodstown fnmish 
supplementary data regarding the thickness of the overburden and 
of the marl. Three of these wells (at localities 15 to 17) were sunk 
during the field investigation by the Survey party. 

Record of well of Joseph Allen at locality ISj near Woodstoum, 

[Well is 1.1 miles S. 84* W. of railroad station, on north side of road. Elevation, about 50 feet; diameter, 
6 inches; depth, 105 feet. Joseph Allen, informant; C. C. HoOaday, driller.] 



Thick- 
ness. 



Depth. 



Formation. 



Overburden 1 

white quartz pebble 

dump. 
Marl..:... 



jwish-gray dav with some gravel; 
as much as 1 mch in diameter on 



Sand; bottom of well in white sand . 



Fed, 
13 



34 



Fed. 
13 

71 
105 



Pleistocene. 



Vlncentown (T) to 

Navesink. 
Mount Laurel and 

Wenosah. 
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Although the shell bed at the top of the Homerstown is not present 
in this well it occurs in openings on Mr. Allen's property about 3,500 
feet to the southwest, lite thickness of the marl seems a little exces- 
sive, but the bed was reported as all greensand. Probably some of 
the glauconitic phase of the Vincentown is included. 

A well drilled earlier probably not far from locality 15 shows a 
somewhat different record. 

Eecord ofwdl of Charles E, AUen, about 1 mtU west of WoodsUnmo 
[On road to Sharptown. Elevation, about 50 feet; depth, 135 feet. Haines Bros., contractors.] 



Thick- 
ne«. 



Depth. 



Formation. 



Snrfooe deposits, clay, gravel, etc . 

Li^t-coloredsand 

Black mud 

Lime sand mixed with marl 

Greensand marl 



Sand and marl mixed . 
Gray aand with water . 



Fed, 
30 
5 
16 
15 
35 

15 

ao 



Fed. 

30 
35 
50 
05 
100 

115 

135 



Pleistocene. 
Kirkwood. 

Do. 
Vincentown. 
Homerstown SAd 

Navesink. 
Mount Laurel and 
Wenonah. 
Do. 



a New Jersey Oeol. Survey Ann. Kept, for 1901, p. 101, 1903. 

Record of well of J. GUhert Barton at locality 16, near Woodstown, 

[About 0.21 mile beyond the borough limits of Woodstown, on west side of road to Auburn. Elevation, 
about 55 ftet; diameter, 4 inehes; depth, 75 ftat. Chalkley Haines, drlUer.] 



Thick- 



Depth. 



Fonnation. 



8ofl 

Clay 

TeOowsand and gravel 

Karl with greenisn clay, blacker near bottom 

Gray sand fairly uniform 



Fed. 
1 

11 

3 

30 

30 



Fed, 



Recent. 
Pleistocene. 

Do. 
Homerstown and 

Navesink. 
Mount Laurel and 

Wenonah. 



Record of well of William Cole at locality 17, near Woodstotvn. 



[About 0.83 mile north of borough limits of Woodstown, on west side of road to Auburn. Elevation, about 
68 feet; depth, 30 feet. Chalkley Haines, driller] 




Thick- 
ness. 


Depth. 


Formation. 


Dug W^U - -.-r.-T- ,,-.^,,^ .,.-,. ,,T.-rT, T.-- 


Fed. 
20 

10 


Fed. 
20 

30 


Pleistocene (T) and 

Cretaceous. 
Homerstown and 


Mar? , , , .,-..-■ , 


Oray^ftnd.... 


Navesink. 
Mount Laurel and 








Wenonah. 



The overburden at locality 17 is probably slight, and most of the 
well is in greensand marl. 

The following notes on the deep wells supplying water to the 
borough of Woodstown, which were kindly furnished by Dr. Twitchell," 



" Twitchell, M. W., unpublisbed manuscript. 
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of the State Survey, will be of interest to any company that proposes 
commercial development of the greensands: 

The town supply of Woodstown, Salem County, is drawn in i)art from six wells 
near the bsuik of the creek at an elevation of about 20 feet and varying from 136 to 
149 feet in depth. The average flow of each well from the top of the casing, 1 foot above 
the surface, is about 60 gallons i>er minute; temperature 58^. The wells draw from 
the Mount Lam^l-Wenonah sands, which were water-bearing from 60 to 114 feet 
below sea level. A seventh well at this point was prospected to 776 feet. Water- 
bearing sands were found at the top of the Magothy-Raritan formation from 276 to 319 
feet below sea level and also near the bottom of the series at 756 feet below sea level. 
Between these two horizons an alternating series of sands and white and red clays 
was found, all of which apparently belong to the Raritan and Magothy formations, 
which here have a thickness of 480 feet, with base not reached. The water at 296 
feet (276 feet below sea level) rose within 14 feet of the surface, smd that from 776 
feet (756 feet below sea level) within 18 feet. In 1915 a new well was driven to a depth 
of 340 feet, which drew upon the upper horizon in the Magothy-Raritan at 310 feet. 
The yield of this deep well on pumping is 300 gallons per minute, and it has there- 
fore proved sui important addition to the town supply. 

Available records of the 340-foot well differ somewhat, but the fol- 
lowing, taken from a letter in the files of the State Geological Sm^ey, 
checks fairly well with the samples now preserved at the pumping 
station and kindly shown to the writer by Mr. Oren Conover, city 
engineer. 

Record of well of Borough of Woodstown at locality 18. 
[Elevation, about 20 feet; depth, 340 feet. Haines & HoILnshead, drillers.] 



Formation. 



Meadow mud and gravel . 

Limestone. 

Green marl 

Chocolate marl, hard 

Gray sand, water bearing. 

Black day marl 

White sand and gravel . . . 



Thick- 
ness. 


Depth. 


Fed. 
15 
10 
40 


Fed. 
15 
25 
65 


10 

75 


75 
150 


160 


310 


30 


340 



Quaternary. 
Vincentown. 
Hornerstown and 

Navesink. 
Do. 
Mount Laurel and We- 

nonah. 
Marshall town to Mer- 

chantville? 
Magothy? 



The samples of material below the marl show some variation fronoi 
the description in the above record. Samples taken at depths of 185 
and 210 feet show a fine- textured micaceous gray clayey sand, con- 
taining small pebbles and fragments of shell. These represent the 
Englishtown sand, which was not utilized. The entire thickness of 
greensand marl is present, for both shell beds appear to have been 
penetrated, as indicated by the samples. 

Three wells have been drilled for the Ice & Cold Storage Co., one 
block north of the depot, at an elevation of 50 feet (locality 19). 
The writer is indebted to Dr. Twitchell for the following description: 

Two of the wells have a diameter of 6 inches, the other of 4^ inches; the last and 
one of the 6-inch wells are 160 feet deep and obtain water from the Mount Laiu-el- 
Wenonah sands 50 to 110 feet below sea level — the same horizon which supplies the 
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shallower town weUs. Tbifl ^ftter riaeB within 16 feet of the surface. The other 
well has a depth of 360 feet and draws from a water-bearing sand at the top of the 
Ms^othy 270 to 310 feet below sea level; the water rises within about 50 feet of the sur- 
face. The Englishtown sand was found at a depth of 190 to 210 feet (140 to 160 feet 
below sea level) and was slightly water-bearing. 

It is evident, therefore, that at Woodstown four water horizons have been recog- 
nized, two of which are utilized— in the Mount Laurel- Wenonah sand at 50 or 60 feet 
below sea level, in the Englishtown sand at 140 feet below sea level, at the top of the 
Magothy-Raritan beds at 270 to 276 feet below sea level, and in the Raritan beds at 
756 feet below sea level. 

Although the Vincentown occurs here and is covered by a layer of Kirkwood clay, 
it is not reported as water-bearing. 

The following is the detailed section for the deepest well near the depot. Notes 
on the fossils found in this boring were published in the annual report for 1901, page 
93. The statement that BelemniUUa was found at 240 to 250 feet in the Woodbury 
IB n^arded as of doubtful accuracy, as this form has never been reported from any 
of the outcrops of the Woodbury. 

Record of well of Woodstown Ice dc Cold Storage Co. at locality 19. 
[Elevation, 50 feet; diameter, 6 inches; d^th, 360 feet. Haines Bros., contractors.] 



Thick- 
ness. 



Depth. 



Formation. 



Gravel and yellow day 

Black clay 

Limesandwith Foraminifera 

Shelllayer containing Grypftoea, rer«bntfu2ay and other fossils. 

Pore greensand marl, very dark 

Lighter-green greensand marl, mixed with light-gray day; 
contains BeUmnius at about 90 feet. 

subtly dayey, doll yeUowish-gray sand, abont one-third 
greensand, two-thirds whitish quarts sand, with Bdem- 
nitea and moUusean fossils. 

Black and white dear sand; xesembles pepper and salt mix- 
ture; BeUmniteUa, TerebnOula, and other foesils, etc. 
(The last two divisions, from 100 to 160 feet, are largely 
water bearing throughout and supply weDs Noe. 1 and 2.) 

Clayey greensand with moUuscan fossils 

Dark sandy day; large admixture of white quartz sand with 
a smaller proportion of greensand; contains moUusk^, 
Foraminifera, and other fossils, same as Marshalltown. 

Greenish-gray sand, consisting of white quartz and green- 
sand grains , the fbrmerpredominatine. Thisstratum was 
slightly water bearing but was not utilized. These sped- 
mens contained mollusks, Foraminifera, etc. 

Dark, very sli^tly greenish micaceous day with very little 
greensand. Oryphaea and Bdemnitdla &t 240 to 250 teet. 

Still darker, almost black nucaceous clay with yellowish 
pebbles between 270 and 290 feet. No fossils observed. 

Deddedly greenish clay; contains at 290 to 300 feet some 
moUuscan fossils similar to fossils at Lenola, but different 
from those observed in the overlying beds. Nodules at 
290 to 310 feet. 

Medium coarse gray or bluish>white sand, abundantly 
water bearing; supplies well No. 3. 



Feet. 
25 
5 
10 
10 

30 

10 

45 



25 



Feet. 
25 
30 
40 
50 

80 
90 

135 



160 



170 
190 



210 

250 
290 
380 

860 



Pleistocene. 
Kirkwood. 
Vincentown. 
Hornerstown and 
Navesink. 

Do. 

Do. 

Mount Laurd and We- 
nonah. 

Do. 



Marshalltown. 
Do. 



Englishtown. 

Woodbury. 

Do. 
Merdiantville. 

Magothy and Raritan. 



From the above section the dip of the water-bearing fonnations from their outcrop 
ifl as follows: Mount Laurel-Wenonah sand 28 to 30 feet; Englishtown 34 feet; Magothy- 
Raritan 38} feet. 

In this well, as at the borough wells, the entire thickness of the 
green-sand marl is penetrated, and 10 feet of the lime-sand phase 
of the Vincentown is represented. 
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A well about 1 mile southeast of Auburn, on the road to Woods- 
town, furnishes the following record: 

Record of well of Benjamin Cheemnan at locality 20, near Aiibum. 
[ElevatloQ, 100 feet; depth, 301 feet. Water rises within 100 feet of surface. Haines Bros., drillers.] 



Thick- 
ness. 



Depth. 



Formation. 



Surface soil 

Clay and gravel 

OraneeKwlored sand, '^ molding sand". . . 
" Bullhead " boulder on green clay marl . 
Light olive-oolored greensand marl. 



Clay, gravel, and greensand mixed, dark olive color. . , . . 

Ligpbter dive-colored greensand o(»]sisting of whitish qu&rts 

grains and glauoonite grains. 
Reddish-yellow quartzose sand with a few greensand grains. 

Sandy, marlv clay; a few greensand grains 

Reddish-yeirow sand, same as above 

Olive-green clay and sand, white and red-stained quartz 

grains, and some glauoomte grains. 
Gravelly conglomeratic mixture of whitish quartz grains and 

dark-blue mineral grains (vivianite); teeth and vertebra 

of shark. 

White sand and running black mud 

Dark clay marl, micaceous 

Medium sand, very slightly oUvecolOTed 

Coarser sand, bluish white, with water 

Red and white mottled clay; colored water blood-red 



Feet. 
2 
4 
8 
1 

10 
10 
10 

50 
20 
10 
20 

10 



Feet. 
2 
6 
14 
15 
25 
35 
45 

95 
115 
125 
145 

155 



180 
267 
290 
300 
301 



[i^uatemary and Ter- 
^ tiary.] 



[Homerstown 
^ Navesink?] 



and 



[Mount Laurel and 
Wenonah.] 



[Marshalltown to Mer- 
' chantvilleT] 



[Magothy and 'Ran- 
tan?] 



a New Jersey Geol. Survey Ann. Rept. for 1896, pp. 127-128, 1897. 

The interpretation of this record is not very clear because of the 
general distribution of quartzose material. Some of this material 
from higher beds may have become mixed in drilling with material 
of lower beds. There seems to be, however, 30 feet of greensand 
marl overlain by 15 feet of overburden. This locaUty is about 2 
miles from Point Airy railroad station and about 1 mile from Old- 
mans Creek, which, according to the map, seems lai^e enough to 
utilize for transportation. 

Two wells at Sharptown show similar but not identical records. 



Record of well of William Richman at locality tl^ Sharptown. 

[About 500 feet north of upper bridge over Salem Creek. Elevation, about 10 feet; depth, 136 feet. C. C. 
Holladay, driller and informant.] 



Thick- 



Depth. 



Formation. 



Dug well 

Clay and sand.. 
Marl 

Quicksand 

Sand and gravel 



Fttt. 
10 
70 
31 

10 
15 



Feet. 
10 

80 
111 

121 
136 



\Quatemary and Ter- 
/ tiary? 
Hornerstown and 

Navesink. 
\Mount Laurel and 
/ Wenonah. 
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[AbouthaUamaeN. 


air W. ihmi upper bridn ovw Satan Creek, east o< coiid. 
depUMfiSfoft. aaHoUadayTdiiller.] 


ElBratl(m,atM«tnteet; 




Tlilok. 
neee. 


Depth. 


Fonnatton. 


Sflfl and day 


» 
90 
90 
10 
4S 


Feet, 

ao 

60 
70 
100 
110 
U5 


yissjsss?- 


Bed sand..! 


T^flfwnd . 


Hornerstown and 


Of*ffli mart . 


Kayeeiiik. 


$f|iei] Tnarl 


If mint T^AiirAl &tuI 


QiiMTinrflknd 


1 Wmonah, 







The city wells Gocalitj 18) and those of the Ice & Cold Storage Co. 
Gocality 19) lie in the Vincentown belt southeast of the greensand 
marl. The thickness of the greensand penetrated by these wells, 50 
feet, may therefore be regarded as the maximum thickness for the 
district. The hdes bored by the cooperating surveys (localities 12- 
14) lie within the greensand belt, near its margin, and show somewhat 
lower thicknesses, averaging 35 feet. In consideration of the thick- 
nesses at the Sharptown wells Qocalities 21 and 22; 31 and 40 feet, 
respectively), this average seems a little low and may indicate a con- 
siderable erosion of the greensand at localities 12-14. 

OTKSB DATA. 

Marl was formerly dug on the north side of Salem Creek about 
0.15 mile west of the borough limits. This locality was considered 
as a driUiog site for the present work but was given up because of 
the thickness of the overburden above the upper beds of marl. 

Along Nihomus Run about 1.5 miles northwest of Woodstown 
Gocality 23) the marl was form^ly dug and used by many people. 
The following section was then exposed: " 

Section of marl beds on Nihomus Run, 

Yellow lime sand and yellow limestone 9 

Shells 4-6 

Green marl 15 

Chocolate marl. 

These pits are not now operated, and they lie too far from the 
railroad to be commercially attractive. 

At Oldmans Creek, about 3.6 miles from Woodstown, below the 
bridge on the road between Point Airy and Harrisonville, the lime 
sand is exposed in an old pit now largely filled with water. This 
locality is cited by Cook *^ as a place where the lime sand was well 
exposed and commonly dug. 

tt Cooky O. H« Oeolqgr ot Mew Jtaatiy, p. 272, 1868» New Jeney GeoL Survey Ann. Bept. Stx 1886, p. 
179. 1887. 
u Cook« O. H., Q«)l0isr df New Jeney, p. 898^ 1866. 
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As Aown on the map the lime sand beds on Nihomns Run come 
within about a quarter of a mile of the railroad. At that place they 
dhotdd be somewhat thicker than at the pits farther down the creek, 
because they are farther back down the dip. They have doubtless 
been somewhat eroded, but the three measurements given at Niho- 
mns Bun and in the wells at localities 18 and 19 show that a thick- 
ness of 10 feet or more of lime sand maybe expected at Woodstown. 
No data r^arding its quality are available, but inferences may be 
drawn from its former rather extensive use. The deposits on Salem 
Creek are crossed by the railroad and are probably the most accessi- 
ble. At the city wells locality 18) the lime sand is covered by 15 
feet of overburden. 

Z8TZ1IATZ8 or TOHVAaZ AVD VALUX. 

The average thickness of the greensand marl in the 2.5-acre tract, 

as indicated on page 34, is about 32 feet. The average potash content, 

weighted according to the thicknesses represented by the respective 

samples, is 6.80 per cent. In computing this average the thicknesses 

employed for holes 6 and 7 were those of which the respective samples 

were considered representative, as indicated in the records of these 

holes. Thus in the 2.5-acre tract a bed of greensand 32 feet thick and 

containing 6.80 per cent of potash (KjO) may be assumed. Here, 

as in the estimates for the Salem district, the weight of a cubic foot 

of greensand, 28 per cent being allowed for voids, is assumed to be 

188 pounds. Under these conditions an acre at the selected site 

, , . . 43,560X32X133X0.068 ^ ^^ ^ , ^ x. nr r^\ 

would contam — 2"000 « 6,300 tons of potash (KjO), 

and the 2.6 acres would contain 15,750 tons. On the assumption 
of a recovery of 80 per cent and a price of $2.50 per unit of 20 pounds 
(March, 1920) the potash ia a ton of greensand would be worth 
$13.60, and the quantity in an acre of ground at the selected site 
would be worth $1,260,000. It seems xmlikely that the price will 
long remain so high. At the more probable figure of $1.50 per unit 
the potash in a ton would be worth $8.16 and that in an aore would 
bo worth $756,000. These values are hypothetical, because the pot- 
ash must be recovered by processes not yet satisfactorily demon- 
strated. 

The wells at localities 15, 18, and 19 show that a maximum thick- 
ness of 50 feet of greensand marl may be expected in the vicinity 
of Woodstown. Northwestward the thickness diminishes to zero 
because of the gentle southeasterly inclination of the beds and the 
beveling effects of erosion. Thus at Woodstown, as at Salem, the 
greensand in considerable thickness underlies broad areas. The 
2.5-acre tract may, in the light of the analyses fnnn otho* districts, 
be considered as representative for this district. 
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irriutA.Tzov or tks dxfosxtv. 

The oYerbTxt&ei&in. the sample area averages about 10 feet in tMck- 
ness. Farther east it is undoubtedly thicker. To the west the over- 
burden is irregularly distributed, and its thickness would have to be 
determined for any given locality but should not be excessive within 
the area mapped as greensand. 

The analyses show that the higher and lowermost beds have some- 
what less potash than the middle beds but that practically all are 
usable. Water stands in the holes within a few feet of the surface 
and would have to be considered in any plan for mining the green- 
sand. 

The railroad offers at present the most feasible means of transpor- 
tation. The map shows several sites that could be utilized along 
the railroad from Woodstown northward toward Swedesboro. 

Salem Creek below Courses Landing and the canal to the Delaware 
are now used by barges for general freighting. Between Courses 
Landing and Sharptown the creek is shallower but might perhaps be 
used by boats or scows of lighter draft. The hills south of the creek 
and west of Sharptown apparently afford good thicknesses of marl 
within reach of water transportation. 

MI7LLICA HILL. 

The steep bluff just east of the railroad station at Mullica Hill 
Qocality 24) has long been known for its excellent exposure of the 
basal bed of the Navesink marl and for its numerous fossils. The 
section (see PI. VI, B) is as follows: 

Section of Navesink marl near station at MuUioa Hill. 

Feet. 

Greensand mart, loose, dark green 7± 

SheU bed with more or less coher^t matrix of marl and quartz 

sand 3-4 

Yellow sand 4 

Reddish-brown sand to road level 15± 

9f}± 
The two lower beds are overwashed with marl from above and are 
hence dark colored. The veneer of marl may be removed by scraping 
with the foot and the yellow sands (Mount Laurel) exposed. Many 
of the shells are as much as 4 or 5 inches in diameter. 

Marl was formerly dug at several places near Mullica Hill and was 
favorably regarded, perhaps because of its relatively high content of 
phosphoric acid, which, according to two analyses cited by Cook,** 
ran as high as 3.48 and 3.60 per cent. A sample taken by W. C. 
Phalen on the Henry Edwards place, 2 miles southwest of Mulliea 

^^Cook, G. H., Geology of New Jersey, p. 437, 1868, 
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HiU , WW mMLymi ul itm h h i^abwj of ihtt Fmted Stetes Gcdogical 
Sarvey«iAiBwadtocBMtMi^7.I5yg^«wfcrffiiriBih Tk»graeiisand 

attimlocdatyk5fMfcqgM«Kdikki^» iIim fcy 15 to20feet 

oi day and gsfilJ* Ll ISI6 »■» a «Hft «f aHKl wis ds^ped for 
ea^MiiiBeiital pRBpns finm dift pA «f Mb. S. Bi. Skarp Ooc^^ 
aboirtia5wfl»S>ft4^E>af MJkmITai H ai i i Thi liMiiiairi also 
ocema in tike asBa iwhiilj^ 

Serexai Wafitiwi mmt MofliBa IBl mi TiffiwiM atetion were 
Tisitod witk the idea of adaiti*; a ^EiIfiBS ste^ bai Aa o^rerbarden 
in places saffidcntij nnr dua lailisail p a yi a d ta be too dock to per- 
mit hope of < 




The pita aaar SawaH ba^a lamg beea iawa inr tibeir cnadLent 
mail, wiueh wia wmd as a fistxEaar. Mtva aaeaadr ii bas been ised 
fiyexpcgimcntsiaextiactMmqf pntaib £satBaal laSiaad facilities 
are ayailaUey and than aia axl— uite iiaan af lalatmlf eren groimd 

drilled at Sewdl indaded cniy 2^ aaas^ bat data fm a maabisr of 
localities within a ladiaB of 3 or 4 mdaa of Sn a J ai« a^aikUe and 
may cooTeniently be diuiuaacd in ew m e etion with tbe ivsidts of the 
boiii^ ci the coopoatiiig suiiejii ^ Tbcse localities are therefore 
indoded in the Seaefl Astiict. 



Relatiyety recent obaerratioBs by tbe State geologbt on branches 
of Edwards Ran 2 to 3 mileB west of Scwcfl show the exposores 
described bdow. 

At locality 26 an old mail pit at an cfeTatkm of aboat 70 feet 
shows the nf^per part of the onasbined HaoMnloam and NaTosink 
beds. 



FleiflloceBe gnv^ (Biklgrtua^. 

K iik w uud , tldii layer. VetL 

YinoentowB .... 2r-9 

TerdmEtuta bed, Immb oI \liicciitown. eleTackn To leH. 
HonMfsCown mn. 



Seaiim, in old pit mmr tor kamm m Inslcy ^, monk q/* roacf. 

Kirkwood fonnatioii 4 

V ii i e e mo im mmd 5-6 

ficnientoini muf . 

At a pit near the pond just north of locality 27 and slightly lower 
there is a good exposure g^ Homerstown mail but no Yincentown. 

«* iUMey, O. H^ Wgtei on ta> gi wmmimI liniwili cf ta> iMii ■ u UaitBd States: U. 8. QvdL Sorvey BolL 
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Pleistocene gravel. Fwt. 

Miocene clay, Kirkwood 2 

Yincentown, more or less marly 5 

TerebratuUi shell bed, elevation about 70 feet. 

Homerstown marl down to flood plain 15=b 

22i 

These exposures are typical of the partial sections available here 
and thwe through the marl belt. 

BABVBBOKO. 

Several well records give an idea of the thickness of the marl and 
its overburden near Bamsboro. 

Reeord of well of John 8huie$f near Bannhoro.^ 
[EtoTation, 120 feet; depth, 140 feet; water rises within about 50 feet of surface.] 





Thick- 
ness 


Depth. 


Formation. 


Whitish qpkkffftnd 


Fed, 
55 
35 
15 
2 
10 
23 


Feel. 
55 
90 
105 
107 
117 
140 


[Kirkwood?! 




^opol ate marl 




Shell rock 


eslnk.] 


Dark sand 


[Mount Laurel and 
Wenonah.} 


White gravel with water 





a New Jersey Geol. Survey Ann. Rept. for 1806, p. 131, 1897. 

Record of wells of Dilks Bros.y locality 29, near Bamsboro,^ 

[About half a mUe south of crossroads in Bamsboro; two wells; elevation, about 100 feet; depths, 110 and 170 

feet. Haines Bros., drillers.] 



Thick- 
ness. 



Depth. 



Formation. 



nd nor other microorganisms" . 



Snrfacesoll 

Orange-colored sand . 
Dark clay; ''no greensani 

Light-green marl 

Rusty green mart; lower 10 feet with coarser quartzose sand 

Gray sand with a few day seams; BeUmnitea at 95 and 105 

feet; abundance of water at 110 feet. 
Muddy sandy day 



Feet. 
5 
34 
b5 
20 
25 

70 

15 



Feet. 



2 |[Klrkwoodr] 



»40 
60 

85 

155 
170 



[Vincentown(T)bo Nav 
esink.] 



o New Jersey Geol. Survey Ann. Bept. for 1806, p. 130, 1897. 
b Record evidently erroneous. 



J. L. North kindly furnished records for the wells of Charles Dilks 
and Isaac Dilks, said to be 175 and 135 feet deep respectively. As 
the two records are similar only the first is given. 
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Record of well of Charles Dilks, at locality g9a, three-fourths of a mile south of Bamsboro, 



Thick 
ness. 



Depth. 



Formation. 



Yellow fine molder's clay 

Marl 

Shale 

Black and white pepper sand 
Coarse green sand 



Feet, 



Fed, 



40 


40 


eo 


100 


5 


105 


35 


140 


35 


175 



Kirkwood (T). 
VVincentown (?)toNav- 
f esink(?) 

} Mount £aurel and W©- 
nonah. 



This record differs considerably from the previously published 
record of the same well given above. It may be noted, however, 
that the Bdemnites, a form characteristic of the basal part of the 
Navesink, which occurs at 105 feet in the first record, corresponds 
in position with the base of the shale in the second record, and that 
in both records marl begins at 40 feet. Either the marl is unusually 
thick or it includes a glauconitic portion of the Vincentown sand. 

Record of well of Dr. W. P. Chalfont at locality SO, Bamsboro, 
[Depth, 149 feet. J. L. North, driller and informant.] 



Thick- 
ness. 



Depth. 



Formation. 



Yellow gravel, very hard 

Fine yellow quicksand 

Marl and shale 

Hard shale 

Greensand; plenty of good water 



Feel. 
28 
35 
50 

30 
6 



Feet. 
28 



113 



143 
149 



Pleistocene. 
Kirkwood. 
Hornerstown and 

Navesink. 
Mount Laurel and 

Wenonah(T). 



A well at locaUty 31, about a quarter of a mile farther west, sunk 
by J. L. North for James Tomlin, gave a similar record. 

Record of well of James Jessup at locality 32, near Bamsboro fl 

[About 1 mile northwest of Bamsboro. on road to Mount Royal station. Elevation, 70 feet; depth, 3184 feet: 
water rises within 70 feet of surface. Joseph Pratt, driller.] 



Thick- 



Depth. 



Siutace loam 

Greenland *. . .• 

Black mud and mar] alternating in 8 to 10 foot layers; alittle water at 90and 100 feet. 

Black mud 

Fine white sand 

Coarse white gravel with water 

Stopped on dark quicksand. 



Feet. 


Feet. 


5 


5 


30 


35 


80 


115 


183 


298 


5 


303 


15i 


31^ 



o New Jersey Geol. Survey Ann. Kept, for 1897, p. 256, 1898. 

6 The " greenland " is the lower marl, as shown by tiw ocourrence of Belemnites and ExoQfra on the banks 
9f t^ small cre^k a f^w ^lundr^ fe^Ho tiW w^t, 
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L. North furnishes the following record for the well of James 
The discrepancy between the two records illustrates a 
difficulty sometimes experienced in trying to procure accurate well 
data. From either record it is evident, however, that greensand 
mail in commercial quantity is probably present. 

Bteordofwell of Janus Jeuup^ near Barmboro, 
[Ele^rmtiaii, 90± feet; depth, 333 feet; aMonfins to J. L. North, infonnant.] 



• 


Thklc. 
uess. 


Depth. 


Sofl 


3 
80 
900 
40 
10 


FttL 

3 


Marl 


8S 


Black clay 


383 


Vhi^blfl<»1r«aiv] 


33S 


Cnf)]^ crMnii24i-ff*«y sand 


333 







H0LB8 8 TO 10. 

Three holes, Nos. 8 to 10, were sunk on the property of the West 
Jersey Marl & Transportation Co. east of the railroad track half 
a mile south of the station. Their location is indicated on the map 
of the company's property (fig. 4), drawn about 1890 by J. C. Voorhies, 
secretary, and kindly loaned by him for use in this report. The 
records of these holes follow. 
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POTASH IN THE GREENSAKDS OF NEW JERSEY. 







EXPLANATION 
• Borings by JX.Voorhies 
o' Borings by cooperating 



O Boundary stone 



JgOO ZfiOO 3t000 400 FgCT 

FiGUBX 4.— Map of the property of the West Jenoy Marl it TransportatUm Co. and adjoining property 
near Bewell station. After J. C. Voarbles. 
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Reeordi qfhoUt tn S m ull dittriel. 

hmtrnw 88. httB 8. 

[Property of West Jersey Mart & Transportatkn Co., st Bewell, 2,780 feet southeMt ai oentv Hue of nO- 
rood station and 40 feet east of center of track. Blevatiflii of sarfwe, about TOfeet. B. K. BtJUfsy, analyst. 
S. J. Taylor and J. L. Nortk, driUcfs.] 





TUek- 

ness. 


Depth. 


Field 

No. of 
^mpl*. 


K.O. 


Formation. 


Top soil, drab-gray sandy day, wttfa few pebbta. 

Clay, fine, sandy, nayteh bull at top. with a 

few subangular pebbles as much as 2Uidiee in 

color in lower part. 

Sand, very fine, very clayey and micaceous, 
witb considerable ocher; Ibaely bedded; white 
sandy streaks occur in the yellow to deep 
orange oolorod material; water bearing at baae. 

Glauoonite bed, grayish to oliTe green and 

Sandcomposed of quarta and glauoonite 


«.fti. 

1 
1 

8 10 

1 

2 

11 

2 4 

11 

4 8 

6 

1 
1 

6 

1 


• 

2 
6 
2 3 

6 8 

4 
8 


1 
2 

10 10 

10 11 

11 1 

12 
14 4 

16 8 

10 6 

26 

21 
27 

82 

88 
88 

84 

80 
41 
48 8 

48 

48 10 
40 1 




Per tent 


Beoent. 






Pleistocene. 






Kirkwood. 


M-20 
lf-80 

M^ 

lf'-34 
M>36 


8.64 

4.64 

6.02 
8.70 

7.28 
7.40 




Glauconlte beds, yellow oBve, very dayey 

Glauconite beds, olive green . very dayey and 

stiff; contain yellow specks of iron eodde. 

Sample M-81 collected &7 indriven cyhnder, 

M-32 collected wet in trough as check. 
Glanoonite beds, very clayey, yellow ottve; 

upper 2 Inches contains considerable yellow 

Glaaconite beds, blackish to grayish green, 

with consideraUe day. 
Glauconite beds like last (T) 


Do. 

Do. 
Do. 

Do. 

Do. 
Do. 


Glauconite beds, still, with much Ught-green 


Do. 


day. Material in this interval became mixed 
with overlying yellowish material by accident 
in driving pipe. This interval therefore ez- 

Glauconite beds, upper part light green and 
stifi. At about aa feet became more mealy in 
texture, with larger proportioa of daaoonite, 
and contain a few pieces of shelL Sample 
M-36takenbycoretodl; M-30a, same interval, 
material collected wet as cheS. 

Glanconitf^ beds, siiPllar to above, not sampled , . 


UC-8te 


7.71 
7.88 


Do. 
Do. 

Vavf^iPk. 


Glauconite beds', brownish blade or chocolate- 
colored, coarser textured, one roonded pebble 
half an inch in diameter noted. 

Glauoonite beds, brown, with some mingling of 
grem; trandtiian beds. 

GUtoconite beds, dioodate^oiored, with some 
intermingling of green. Sample M-88 taken 
dry with core toof; M-^8a taken wet as check. 

Glauconite beds, brownish to black, simUar to 
last, water bearing. 

Glauconite beds, ataiilar to last but contain 
few gravel erains and an increasing proportion 

Glauoonite beds, black to grayish black; oon^ 
tain considerable quarts sand and the rioe 
gravd but Uttle or no shell. 
Gteiuconitic sand like last 


M-37 

M-37a 

/M-38 
\M-88a 

M-ao 

lf-41 


0.86 

7.62 

0.41 
0.18 

0.88 
6.50 

3.61 


Do. 

Dp. 

Do. 
Do. 

Do. 
Do. 

Do. 

Do. 


Shell bed. gravel, quarts sand, glanoonite, and 
large pieces of Orvphaea, J&^a, BOemni- 
um, concretions of vivianite. 






Do. 
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POTASH IN THE GBESKSANDfi OF NEW JERSEY. 



LmNHst U, hole 9. 

[Property of West Jersey Marl & Transportation Co., 330 feet N. 20* W. from hole 8. Elevation of surface, 
about 70 feet. R. K. Bailey, analyst. J. L. North, driller.] 





Thick- 


Depth. 


Field 
No. of 


£sO. 


Foixnatioii. 




neas. 




sample. 








Ft. hi. 


Ft, in. 




Percent 




Top soil, brownish drab, clayey sand, fine 


1 


I 






Becent. 


textnre. 












Sand, clayey, with scattered pebbles 2^ inches 
in diameter; matrix very fine textured, with 
floury feel and yellow color. 


6 


1 6 






Pleistocene. 






















Rand, clayey like last, with scattered gravel 
grains. 

Sand, clayey, very fine, micaceous, finely bed- 
ded, leafy texture, oranee colored, with some 
white coarser sand infiltered in cracks. 


1 10 


3 4 






Do. 


2 7 


5 11 






Kirkwood. 






















Sand iHrniiftr to last but light _gray 


2 4 


8 3 






Do. 


Glauoonite beds, yellowish ofive, stiff clayey 


1 8 


9 11 


"u^' 


*"*4."97' 


Homerstown. 


material, with considerable yellow oxide of 
iron. 
QIauconite beds, deep olive, stiff, clayey, upper 
3 or 4 inches oxidized like M-42 but remainder 












5 


14 11 


M-43 


6.73 


Do. 


with uniform texture and color. 








• 




QIauconi te bed like last 


1 
2 


15 
17 








QIauconite beds, somewhat less clay, more 




mealy texture, some darker streaks and a few 
pellets of chocolate-colored clay. 
QIauconite beds, distinctly darker, more mealy 






M>44 


6.81 


Do. 












4 


17 4 








texture, more nearly pure glauconlte grains. 
Glauoonite beds, dark green to blackish, mealy 

texture, water bearing in lower part. 
QIauconite beds, similar to M-45 












5 2 


22 6 


M-45 


7.43 


Do. 












4 2 


26 8 


M-^ 


7.90 


Do. 


QIauconite beds, chooolate marl, brownish 


3 3 


29 11 


M-47 


7.13 


Navesink. 


drab with greenish tint, transition beds; con- 












siderable clay with scattered ferrudnous 
particles and ferrucinous masses, probably 
pieces of replaced shell. 
QIauconite beds similar to M-47 but without 












6 9 


35 8 


M-48 


6.74 


Do. 


the greenish tint, brownish black, stiff clayey 
material. 
Qlauoomte beds similar to M-48 but containing 












5 3 


40 11 


M-49 


5.90 


Do. 


greenish streaks. 
QIauconite beds similar to M-49 


1 
2 7 


41 


) 


3.47 




QIauconite beds similar to M-49 but containing 


*^ ^ j M-50 


Do. 


considerablequartzsand and some small gravel 

QIauconite beds like last but with pieces of 

shell and broken casts composed or glauoo- 




5 


44 i 








1 






nitic materia], rice gravel. 




1 
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hotaatj Iff, iMto 10. 

[Property of West Jeney Marl A TnnsportationCa.ab^ BlevatUmof 

snrfteeaboateofeet. B. E. BaUey, analyst. J. L. North, driller.] 



Thick- 



Depth. 



Field 

No. of 

aan^e. 



KiO. 



Formatioii. 



Top soil, brown loam 

Gravel, at first scattered pebbles in lisht-yeUow 
matrix of clayey san<!L then darker-yellow 
coarser sand with pebbles as large as 2 inches 
in diameter, water bearing. 

Sand, yellow and gray banded, line textured, 
clayey and nJcaoeoos, becoming purx>lish in 
lower 6 indies. 

Glaooonite beds, blackish green, rather stiff 
with clay, no oxidized lay«r or olive- 
green bed as at holes 8 and 9. Three pebbles 
discarded as having probably f oUowed down 

Guiuconite beds, deep bluish to grayish green, 
less clay than M-61. 

Glauconite beds, dark or loayish green, mealy 
textured, similar to M-w but lower 6 inches 
lighter green. 

Glauoonite beds similar to M-^ 

Glauo<Hiite beds, chocolate marl, brownish 
black with some streaks of neen material, 
fairly coarse texture but with considerable 
day. 

Glauconite beds, chocolate marl 

Glauconite beds similar to M-^ but contain- 
ing a few grains of eravel. small marcasite 
concretions, and considerable brown clay. 

Glauconite beds similar to above but contain- 
ing fragments of shell, day pellets, and some- 
what larger proportions of gravel. 

Glauconite beds becoming increasini^y sandy. 
At base consist of glauconite with quarts sand, 
brown day, ooneretlons, small fragments of 
shell, and crystals of vivianite. 

Glauconite beds, compact, hard mixture of day. 
quartz sand, and glauconite with gravel 



Guuconite beds similar to above but somewhat 
softer. Rice gravel and quartz sand in in- 
creasing proportion. 

GlaucQnito beds similar to last but with fhig- 
ments of shell and pepper and salt color. At 
base fragments of BeietntUteaa appear. 



Ft. in. 

8 

2 11 



4 1 

1 



6 4 
5 



4 7 
6 



7 4 
3 3 



9 

1 2 

2 6 
2 7 

5 



Ft. Hi, 

8 

8 7 



7 8 

8 8 



PereerU. 



15 
20 



24 7 

25 1 



32 5 
35 8 



36 5 

37 7 



42 7 
48 



M-51 



M-52 
M-53 



K-55 



M-56 
M-57 



3.83 



ft. 00 
7.63 



7.52 
ft. 85 



6.57 
6.90 



Recent. 
Pleistocene. 



Kirkwood. 
Homerstown. 



Da 
Da 



Da 

Navesink. 



Da 
Da 

Da 

Da 
Da 
Da 



Digitized by 



Googk 



50 



POTASH IS THE GHKBBNSAKDS OF NEW JEBSET. 



For comparison with other borings in the vicinitj the data of holes 
8 to 10 are summarized in the following table: 

Thictnes* and quality offfreensand beds at holes 8 to 10, SewelL 





Bad. 


Sample. 


Thick- 
efbed. 


Average 


Hole. 


Na 


TfaksknflBs 
reiire- 


K*0. 


content 

of 
KjO.a 


8 


Ovflrburdm 




Ft.H. 


Per em. 


17. in. 
10 10 

8 8 
13 6 

15)0 

8 3 

9 1 

9 4 
17 4 

7 8 

7 4 
9 7 

18 

8 11 


Percent. 




"Rftpk imiil r . T . - 


M-29.... 
M-90.... 
M-31-2.. 
M-«.... 
M-34.... 
M-35.... 

M-^;aaa 

M-^,37a 
M-38,38a 

M-IO.... 
M-tt.... 


1 2 

2 4 

11 

4 3 

5 6 
1 

1 
6 
1 
2 
6 

2 3 

5 3 

4 


3.64 
4.64 

&96 
6.70 
7.26 
7.40 


6.61 




GTerni or bine marl 


b7.40 




Chooolfttft maii . . . . . 


7."54* 

6.99 
6.30 
6.88 
&50 
3.51 


«5^4g 




Overburden 




9 










■R*"*" marl 


pi-42.... 
M-13.... 
M-44.... 
M-4B.... 
M-46.... 
M-47.... 
M-48.... 
M-49.... 
M-«).... 


1 8 
5 

2 6 
4 2 
4 2 

3 3 
6 9 
6 3 
3 1 


4.97 
6.75 
6.81 
7. a 
7.90 
7.13 
6.74 
5.90 
3.47 


6.33 




Grmo or blue marl 


7.64 




Cho^y^late marl 


5.9S 


10 


Overburden r r..... ,. 






RftuVpn^rl 


/M-51.... 

if-sa.... 

M-^.... 
M-64.... 

USA.... 

M^7.... 


1 

6 4 

4 7 
6 

7 4 
4 

1 2 


3.83 
6.60 
7.63 
7.52 
6.86 
6.57 
6.90 


6.22 




Green or Wne marl 


7.58 




riMKM)lftte mart 


'6.09 




Average: 

Overburden. 














TiAnVTnarl 












8 4 
10 10 
15 5 


<6.09 




Qieen or bl iie marl 








<7.S2 




Chneolate marl 








ej».99 
















34 7 


/6.49 



a Average for bed weighted according to the thicknesses represented by the respective samples. 

b Average for 12 feet 6 inches. 

e Average for 15 feet 6 inches. 

d Average for 11 feet 10 inches. 

« Avenge for bed in 2.5acre tract weighted according to thicknesses at the rosnective hoks. 

/ Average of entire thiclmegs of marl in 2.5acre tract. 
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Locality.* 


Over- 
burden. 


Bank 
marl. 


Oreen 
mart. 


Locality.^ 


Over- 
burden. 


Bank 
mail. 


Oreen 
marl. 


1 . •. ... 


J^. in, 
14 
18 
21 
18 
12 
21 
15 
21 

12 6 
16 
10 
16 
13 
12 


Ft. hL 
12 6 

9 


18 
12 


Ft.i: 
8 


15 


Ft. in. 
12 
22 

6 
19 
19 

6 

9 

8 

5 

5 
16 


Ft, in, 
12 


«•,«- 


2 


166 




3 


17 



14 
15 
11 
12 
4 
5 
5 
14 




4 


18 




5 


19 




6b 


2Q 




7 


14 

12 
11 
12 




21 




8 . . . . 


22 




9 


23 




10 


24 




11 


25 




12 


Average 




13 


13 10 


elO 1 


«6 11 


14 









a Locality numbers refer to figure 4. ^ Did not reach marl. 



« Average for 23 localities. 



These holes all stopped at or above the chocolate marl, which., be- 
cause of its astringent qualities^ was not considered desirable for 
agricultural use. The analyses of the chocolate marl at holes 8 to 
10 show that it contains less potash than either the bank marl or the 
green marl but probably enough for commercial recovery by any proc- 
ess operative for the other two beds. 

The average thickness of the overburden in the borings made by 
the company is nearly 2 feet greater than that for the 2.5-acre tract 
represented by holes 8 to 10, and that of the bank marl 1 foot 9 inches 
greater, but that for the green marl is nearly 4 feet less. 



8XWSLL KARL PIT. 

The large pit belonging to the West Jersey Marl & Transportation 
Co. is shown in figure 4 ond as locality 36 on Plate I. Much of the 
pit is now overgrown and more or less slumped, but marl has been 
dug at the northwest comer (see PI. VIII, B), where the following 
section is exposed and available for sampling. 

Section of pit of West Jereey Marl d: Transportation Co., near Sewell (locality S$). 

[R. K. Bailey, analyst.] 



Thick- 



Depth. 



Field 

Naof 

sample. 



KiO. 



Oldfllling 

Orayiah-green (bank) marl. 

Qra7ish<greezimarl 

Dark-creenmail 

Dark Bluish-green marl 



Dark Muish-green marl 

Dark MuiSh-ereen marl 

Dark ohooQlato4>rown marl 

Qeneralaample ran of mine, blue to gray . 



J^. in. 
5 9 
1 

4 9 
1 « 
1 



Ft. in. 

5 9 

6 9 
11 6 

la 

14 

14 6 

15 6 
16 



PereeiU. 



M-69 
H-61 



7.64 
7.89 



M-^ 



7.88 



M-62 
M-68 



6.7a 

7.80 
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POTASH IN THE GBEENSANDS OF NEW JERSEY. 



The samples were collected as typical of the freshly dug material 
of the respective kinds. The analyses run higher than the aver- 
age of the analyses of samples of similar beds from holes 8 to 10, 
though they are matched by analyses of individual samples from 
those holes. Probably all the marl now dug in this pit corresponds 
with the green marl at holes 8 to 10. None of the stiff, clayey olive- 
green marl foimd at those holes appears in the sampled part of the 
pit. 

The overburden at older exposures on the east and southeast sides 
of the pit is 12 to 15 feet thick and includes a little Kirkwood sand 
beneath the Pleistocene sand and gravel. Locally a thin bed of sand 
and gravel cemented with oxide of iron (ironstone) occurs. beneath 
the Pleistocene. Westward from the pit the overburden increases 
to 10 or 15 feet. 

WELL DATA. 

Several wells in the vicinity of Sewell give further data on the 
thickness of the marl and the amount and character of the over- 
burden. They also indicate water-bearing beds, which might be 
of use to companies interested in developing the marl. The writer 
is indebted to M. W. Twitchell for the foUowing record of the well of 
F. J. Anspach. 

Record of well of F, /. Atupach, near Sewell (locality S7), 
[On Chews Hill, east of the M&nttia road. Elevation, 82 feet; depth, 432 feet.] 



Thick- 
ness. 



Depth. 



Formation. 



Yellow gravel, sand, and sandy day 

Qreenmarl 

Black or very dark-ereen marl 

Reddish-yellow sanarock, with casts of shells 

Yellowish sand, with some marl 

Light-yeUow sand, with some marl, water bearing; water 
strongly imprecated with iron. 

Light-yeUow sand 

Tough fine blue clays and blue sandy clay; some Exogyra 
shells at 180 feet, a thin layer of sand at 2d4 feet, a very 
sandy day with some large pebbles at 276 feet, and a 
sandy day with flndy broken shells at 280 feet. 

Greenish sand 

Greenish to gray sands; streak of day at 335 feet 

Fine dean gray sand 

Coarse sandy gravd, angular grains; yielded a little water. . 

Stifl white day 

Fine gray sand with day streaks and considerable lignite . . , 

Layers of white sand and white day 

White angular gravd, coarse; much water 

Extra coarse gravd 

Fine white sand; water , 

Fine sand, mixed with coarse eravd ; water 

Very coarse gravd, up to cobblBgtones 

Hard white clay 



Feet, 
17 
7 
6 
13 
13 
16 

32 
180 



Feet. 
17 
24 
30 
43 
56 
72 

104 
284 



304 
335 
342 
351 
352 
375 
381 
395 
406 
406 
415 
420 
432+ 



Pleistooene. 



^Hornerstown and 
Navesink. 



Mount Laurd and 
Wenonah. 



MarsfaaUtown, En^sh 
town. Woodbury, 
Kerchantville. 



^Magothy and Raritan. 
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The water at 405 to 420 feet is utilized and is reported as pure, soft, 
and satisfactory in every respect. On pumping 40 gallons a minute 
the water stands at 77 feet below the surface. 

The record shows 39 feet of the combined Homerstown and Nave- 
sink marls beneath an overburden of 17 feet of gravel, sand, and clay. 



Record of well of J, L, North, at Sewdl (locality S8), 

ailroad statioi&« in 
depth, 336 feet. 



[About 0.21 mQe N. 76* E. of railroad statioQ, in ansle formed bv two streets. Bleration, about 82 feet; 
, .. — , .. J. X. North, informant.} 



Thick- 
ness. 



Depth. 



Formation. 



Coarse yellow sand 

Fine yellow sand 

Marl 

Shale, marly, with some shells 

Yellow grayel; very irony water , 

Too^ chocolateHxilored day 

White quarts sand with considerable "hard coal" (glauoo- 
nlte?) about the size of buckwheat; water rose within 
68 feetofsurftoe. 



Feet. 
10 
30 
38 
20 
23 

200 

15 



10 
40 
78 
96 
121 

321 

335 



Pleistocene. 
Kirkwood (7). 

}Hornerstownand 
Navesink. 
Mount Laurel and 

Wenonah. 
MarsbaUtown to Her- 

chantville. 
Magothy (7). 



The overburden at this well is 40 feet thick, and the marl apparently 
58 feet thick. 

A well sunk for George B. Hurff at locality 39, near the North well, 
shows a sunilar record. 

The well of David T. Locke at locality 40, in the same general 
vicinity, shows a somewhat different record. 

Record of mil of David T. Locke, at Sewell (locality 40). 
[J. L. North, driller and Informant.] 



Thick- 
ness. 



Depth. 



Formation. 



Greenland clay 

Sand 

Blue marl 

ChooQla;te-colored shale 

Greensand; plenty of water. 



Fea. 



Feet. 
25 
35 
60 
71 
85 



FleistooeDe (7). 
^Kirkwood (t). 
IHornerstown and 
/ Nave8mk(7). 

Mount Laurel (7). 



The "greenland clay" is probably reworked glauconitic material. 
The well may stop in the lower Navesink but probably stops in the 
top of the Mount Laurel. With these iuterpretations there would 
be 35 feet of overburden and nearly 50 feet of marl. If this location 
is correct the little knoll north of the well should be included in the 
greensand belt instead of with the pre-Navesink formations as 
mapped. 
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POTASH IN THE GBEEKSANDS OF NEW JEBSBY. 



A test well sunk near Sewell f cwr the town of Woodbury gires a 
record interpreted by Twitchell as follows : 

Record of well for town of Woodbury y near Setoell (locality 4i)* 

[About three-foortbfl of a xaile nortbeast of Sewell along strike of formations. Elevation. 13 feet (7); 
depth, 983 feet. Artesian Weirbrilling Co., driUer.] 



Thick- 
ness. 



Depth. 



Fonnation. 



Meadow mud.. 
Sandy mud... 

Fine sand 

Sticky day.... 



Medium sand.. 
Clay 



Feet, 
12 



7 
153 

48 



Feet, 



82 



283 



Recent. 
Hornerstown and 

Navesink. 
Mount Laurel and 

Wenonah. 
Marshalltown to Mer- 

chantville. 
Magothy and Raritan. 



The town of Woodbury now has m this vicinity a group of eight 
10-inch wells, according to J. L. North, who has kindly indicated 
their positions as shown on the map (PL I). As above interpreted 
the thickness of the overburden is not excessive, but the thickness 
of the marl is imusual. 

The records and locations of the three following wells were fur- 
nished by J. L. North. 

Record of well of John Schmidt^ near Salina {locality 41a). 
[Elevation, about 60 fBet.J 



Thick- 
ness. 



Depth. 



Formation. 



Yellow sand 

Oraymail , 

Blue marl 

Shale full of shells , 

Black marl 

Hard shale , 

Coarse green sand full of shells 



Feet. 
14 
10 
40 
30 
7 
2 
14 



Feet. 
14 

24 
64 
94 
101 
103 
117 



Kirk wood (7) and 
Vincentown. 

Hornerstown and 
Navesink (7). 

Mount ' Laurel and 
Wenonah (?). 



From the location of the well there is little doubt that the gray 
marl and perhaps much of the overlying sand is Vincentown. Pos- 
sibly part of the ''blue marP' may be a more glauconitic phase of the 
Vincentown, for the marl here seems unduly thick. The base of the 
Navesink is not distinguished but may be represented by the ''hard 
shale." The "coarse green sand" is probably the water-bearing 
Mount Laurel and Wenonah sands^ which are locally more or lees 
glauconitic* 
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Thiok- 
ness. 


Depth. 


Formatioa. 


Oravei .. 


Feet, 

10 

SO 

60 

4 

6 

2 

15 


FsH, 

10 
60 
120 
124 
130 
132 
147 


Pleistocene. 


Yellow fine sand . - 




Green marl 




Shale . ., . 


yincentow n(?) to 


Gmy iwid t-t-, t 


Shale 






Mount LAurel and W^ 


/ 


nonah. 



This record corresponds fairly well with the preceding. The Vin- 
centown is not distinguished but is probably present. 



Record of well of Felix Behl, at Fairview (locality 4tc). 
[EteTBtion, about 125 feet.] 



Thick- 
ness. 



Depth. 



Formation. 



Coarse graTel 

Yellow sand 

Green marl 

Very fine black and white sand, 

Green clay 

Hard shale 

Coarse white sand 



Feet. 



Feet, 
28 
63 
03 

133 
156 
161 
175 



Pleistocene. 

Kirkwood (?). 
Hornerstown and 
Navesink. 

Mount Laurel and 
Wenonah (?). 



The formations are not clearly distinguishable from these recordsi 
but they indicate the continuity of the marl in considerable thick- 
ness, though the overburden is heavy. 

Two wells at Pitman show the amount and character of the over- 
burden and the thickness of the marl in that district. 

Record of well in camp-meeting grounds at Pitman (locality 42).f^ 

[About <m6-third of a mile southwest of railroad station, on nearly the lowest ground in the area, at west 
edge of grove. Elevation, 110 feet. Haines Bros., drillers.] 



Thick- 
ness. 



Depth. 



Formation. 



Surface soil, etc 

Orange-colored sand and sandy day 

Dark day . nearly black 

BryozoanUme sand 

Greensand marl with Foraminifera and fragments of shell, 

probably TerdraiuUi. 

Greensand marl, less shell 

Clayey greensand 

Clayey sand 

Clayey marl, BdemnUee and ponderous shdls 

YeiUowish sand with some clay, BeUmnitee and fragments of 

shell. 
Hediimi coarse dear sand with water 



Feet. 
10 
60 
10 
20 
UO 

10 
10 
10 
10 
30 

10 



Feet, 

10 

70 

80 

100 

110 

120 
130 
140 
150 
180 

190 



[Quaternary.] 
}[Tertiary.] 
[Vincentown.] 



[Hornerstown and 
Navesink. 



[Mount Laurd and 
Wenonah.] 



o New Jersey Geol. Survey Ann. Kept, for 1896, p. 126, 1897. 
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A well stmk for the town of Pitman on the east side of the railroad 
at locality 43, not far from the well just described, was drilled to a 
depth of 507 feet. For the first 190 feet its record was practically 
identical with the other.** 

A third well drilled in the same general vicinity, for R. H. Comey, 
started at an elevation of 130 feet and penetrated bryozoanlime sand 
between depths of 115 and 125 feet. Greensand was found between 
depths of 125 and 160 feet, and coarse water-bearing gravels from 
160 to 180 feet.17 

These wells show that at Pitman lime sand 10 to 20 feet thick and 
greensand 35 to 50 feet thick lie beneath Tertiary and Quaternary 
deposits from 70 to 115 feet or more thick. 

OTHER DATA. 

The Kem pits, which lie on the east side of Chestnut Branch, 
about 1.5 miles above Sewell Gocality 44), were visited in 1917 by 
Dr. Ktimmel, from whose notes the following data were obtained. 
There is a very large opening, and the floor is overgrown with trees 
6 inches or more in diameter. The bank is very high. Marl prob- 
ably rises about 5 feet above the floor. Where the pit is most 
swampy the marl has 15 to 25 feet of overburden consisting of about 
10 feet of yellow gravel, underlain by Kirkwood sand. 

On the map of 1866 is shown a railroad running to these pits and 
marked ''W. J. R. R." In the annual report of the State geologist 
for 1886, page 178, it is stated that ''southeast of Bamsboro in 
Gloucester County, on the south branch of Mantua Creek, are im- 
portant marl pits, one of which is worked by the West Jersey Marl 
Co. in a layer containing 12 feet of green marl." 

Near the lower bridge over Bees Branch (locality 45) a pit owned 
by Howard Davis was in operation in September, 1917, when visited 
by Dr. Ktimmel, who observed the following section: 

Section of marl pit of Howard DaviSf on Bees Branch near Sewell {locality 45), 

[Elevation of surface, aboat 60 feet.] 

Feet. 

A. Yellow sand and gravel &-7 

B. Brown marly sand with obscure caste of Terebratula harlani 

stained reddish brown locally 2 

0. Reddish-brown to black marl with dark-green more or less 

mottled marl, purer at base 2 

D. Green marl; locally streaks with discontinuous irregular lines 
of light chocolate-colored clay, only a minor feature. At 3 
inches from top iron-incrusted seam. Basal 2 feet is blacker 
than upper part 6} 



17* 



u New Jersey Geol. Survey Ann. Rept. for 1001, p. 85, 1900, 
17 {dem, p. 84. 
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In digging layers A, B, and are thrown away. The base of 
layer D is the level of the uneven floor. Marl is dug in layer E, 8 
feet below this level, but at the time when these observations were 
made only layer D was being taken. Near by was a worked out 
pit in layer E full of water. When visited in November, 1918, by 
Dr. Kummel and the writ^ the Davis pit was inactive and badly 
slumped. 

On the William WenreU place, just west of Sewell, 10 feet of green- 
sand is overlain by 8 to 10 feet of clay and gravel. A sample of the 
greensand collected by W. C. Phalen was analyzed in the laboratories 
of the United States Geological Survey and found to contain 7.09 per 
cent of potash." 

UME 8AVD. 

At locality 46, south of the road from Sewell to Bamsboro and west 
of the creek, there is an exposure of 3 to 4 feet of lime sand. At 
locality 47, near HurflFville, some old pits in the Vincentown sand 
were visited in 1915 by Dr. Kummel, who found them slumped and 
overgrown. In a circular published in 1903 these pits were cited 
as a good locality, and in the annual report of the State geologist 
for 1886, page 178, a section measured at these pits showed 9 feet 
of lime sand and 13 feet of greensand marl. These two locaUties 
furnish the exposures of the lime sand nearest to Sewell. It prob- 
ably imderlies the surface from half a mile to a mile south of the 
West Jersey Marl & Transportation Co.'s pit, but the overburden 
is doubtless thicker than 15 feet. No data regarding the quality 
of this lime sand are available. 

BSTDEATXS 07 TOmTAOX AVD VALUB. 

From the data given on page 50, the average thickness of the marl 

in the 2.5-acre tract near Sewell may be taken as 34 feet and its 

average potash content as 6.50 per cent. On the assumption, as in 

previous estimates, that the wei^t of the greensand, 28 per cent 

being allowed for voids, is 133 pounds per cubic foot, an acre in the 

.- J , . ,j ^ . 43,560X34X133X0.066 ^ .^^ ^ 
specified tract would contom — ^qqq « 6,400 tons 

of potash (KaO), and the 2.5 acres would contain 16,000 tons. With 
an 80 per cent recovery and a price of $2.50 per unit of 20 pounds 
(March, 1920), the potash in a ton of greensand would be worth $13 
and that in an acre of ground would be worth $1,280,000. At the 
more probable price of $1.50 per unit the same quantities of potash 
would be worth $7.80 and $768,000, respectively. The values 
given for the potash are purely hypothetical, as they are dependent 

^ Ashley, G. H., Notes on the greensand deposits of the eastern United States: I7t 3, Qeoi. Survey 
BuU. aeo, pp. 40, 47, 1918. 
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upon successful extraction of the potash by processes not yet com- 
mercially demonstrated. 

As previously explained, the marl beds are beveled off by erosion 
along the north boundary of the belt, but along the southeast border 
their thickness is probably as much as 50 feet. The well records 
and other data indicate that greensand marl is present, except where 
locally eroded, throughout the portion of the belt included in the 
Sewell district and that it may be expected to maintain a fairly 
uniform thickness along the stiike. 

xrriLxzATzov of the dspositb. 

The thickness of the overburden in the 2.5-acre tract averages 
about 9 feet. At the borings made by the West Jersey Marl & 
Transportation Co. the average thickness of the overburden was 
about 14 feet. Thus in the vicinity of Sewell there appear to be 
considerable areas in which the overburden is less than 15 feet. 

There is no water transportation within suitable distance from 
Sewell, but excellent railroad service is available. Possibly Mantua 
Creek could be utilized below West Landing for the marl beds within 
a mile south of Mantua. 

Marl of suitable quality is present in sujfficient quantity near 
Sewell to justify large-scale operations and can be worked in open 
pits by steam shovels or other types of excavators. Water is not so 
near the surface in SeweU as in some of the other localities tested 
but would be encountered in handling the green and chocolate- 
colored beds. 

The analyses show that the green marl contains about 1.5 per cent 
more potash than the bank or chocolate marls but that all the beds 
may probably be profitably worked by any extraction process 
applicable to the green marl. 

BIACKWOOB. 

Years ago the marl was dug and was well exposed near Black- 
wood. According to Cook,^* 

At Blackwood town the whole bed (''Middle marl") can be seen by going upstream 
from Good Intent toward the southeast. David C. Marshall's pits * * * are 
good examples of the bed, having on top 6 to 12 feet red or gray mail, 7 feet pale-green 
marl, and from 18 to 20 feet of green marl, and then chocolate marl. 

These pits or pits in their vicinity were visited in 1917 by Dr. 
Kummel, who observed the following section: 

Section of marl beds in pits near Blackwood {locality 48), 

Feet. 

Yellow sand and gravel 13-14 

Brownish and clayey sand; weathered marl (?) 1 

Marl about half quartz and half glauconite. 15 

Bottom of banks. 

30 

i» Cook, O. H., Geology of New Jersey, p. 272, 1868. 
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The pits in tlus yicinity are now largely filled in and swampy. 
In 1918 the writer^ with Dr. Kununel, visited a locality about a 
quarter of a mile farther up the creek. Here, beneath 15 to 20 feet 
of Pleistocene sand and gravel; about 4 or 5 feet of lime sand overUes 
the greensand marl, about 5 feet above the level of the swamp. The 
shell bed is absent. According to data at the office of the State geolo- 
gist good exposures of black greensaad marl, representing 10 feet of 
the Homerstown, occur at locality 49, about 1 mile northwest of 
Good Intent, beside the road. 

The marl is exposed in the fields in the valley between Blackwood 
and Blenheim, close to the railroad. This might be a suitable place 
for commercial development, but the full thickness of the marl is 
probably not present. That the marl is present in considerable 
thickness at Blackwood is shown by the record of two wells sunk 
about 2,000 feet apart for F. Pine and H. Runkel. The locaUties 
of these wells are not given, but their records are very similar, except 
that the Pine weU starts at a somewhat lower elevation and is a 
Uttle deeper.** Its record, as furnished by M. W. Twitchell, is as 

follows: 

Record of well of F, Pine at Blackwood. 

[Elevatioii,50feet. F. £. MoOaim,dil]l«r.] 



Thick- 

nen. 



Depth. 



Fonnation. 



Sand , 

Bed, heavy, stony grayel . 

Gray marl , 

Blae marl 

Chooolate^iolorad marl 

Pepi)er-aiid-8alt gray sand 



Fed. 

10 

7 



32 

10 



Fed. 
6 
16 
23 
28 
60 
70 



Pleistocene. 

[Homerstown and 
[ Navesink. 

Mount Laorel and 
Wenonah. 



A well simk at Greenloch, about seven-eighths of a nule southeast 
of the Camden County asylum, gives the following record: 

Record of well of 8, R. Baleman (f), Tuar Greenloch (locality SO). 
[Elevation, 45 feet. J. L. North, driller.] 





Thick- 
ness. 


Depth. 


Formation. 


Dark-ffray saadt 


Feet. 
22 
28 
30 

1 
23 

4 


Feet. 
22 
50 
80 
81 
104 
106 


Vincentown. (T) 
Homerstown and 


OreenSih marl; shells with TerebratulaharlaniBmrtop 

nv^^M*ia)t marl 


Pepi>er-fi?i<i-iftit tp^x^, iiVHit i«aif slancnnite. - 


Navesink. 


li^K^ydlow sand and snuOl shell fragments 




Odane'sand (j to i Inch), sheU fragments and BOemnUeUa. , . 


-Mount lAurel. 



The Pine well, which does not afford a complete section, shows 
44 feet of marl. The Bateman well, which apparently gives a com- 

» New Jersey QtcL Survey Ann. Rept. for 1901, p. 88, 1902. 
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plete section, though the lower shell bed seems to be not well de- 
veloped, shows 59 feet of marl. 

No recent data are available regarding the quality of the marl at 
Blackwood, but it is probable that other conditions being favorable 
its quality would justify commercial development. 

The lime sand occurs along the stream valleys above Blackwood, 
as shown on the map. Dr. Kiimmel notes a good exposure of it at 
locality 51, by the road at the pumping station, about half a mile 
northwest of Greenloch, where it consists of a mass of Bryozoa and 
other fossils and is covered by a reddish clayey residual soil. 

A well at Asyla, half a mile northwest of Greenloch, shows 35 feet of 
greensand, including the Terehrdtvla bed, beneath 5 feet of surface 
soil that contains occasional fragments of Ume-sand rock.'^ 

SOMEBBAIiE DISTRICT. 



8XLSCTIOV or SXTXS. 




In the vicinity of Som- 
erdale, in Camden County, 
the greensand marl occu- 
pies a rather broad belt, 
as shown on the map (PL 
II), and the overburden is 
apparently not excessive. 
The Atlantic City Railroad 
(Reading system) and the 
Camden & Atlantic Rail- 
road (Pennsylvania sys- 
tem) provide excellent 
transportation facihties. 

A drilUng site was se- 
lected on the southeast 
edge of the belt, near Som- 
erdale statioti, in a corn 
field belonging to Thomas 
McMichael, Laurel Springs 
post office. 

HOLES 11 TO 14. 



Figure 5.— Sketch map of part of the Somerdale district, show- 
ing the location of holes 11 to 14. 



A 2.5-acre tract was 
again selected and holes 
11, 12, and 13 were sunk as indicated in figure 5. A fourth hole, No. 
14, was bored about a quarter of a mile northwest of the station, at 
the culvert on the east side of the track, to explore the so-called red 
marl, which was reported to be beneficial to crops. The records of 
these holes follow: 

» Woolman, Lewis, Report on artesian wells: New Jersey Qeol. Survey Ann. Bept. for 1902, pp. fiO-W^ 
71-72, 1903. 
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Records of holes in Somerdale district, 

hoaiUtj 52, hole 11. 

[Fann of Thomas McMiohae], 60 feet north of Somerdale Avenue and 210 feet west of railroad at Bomerdftle 
station. Elevation of surface, about 85 feet. R. K. Bailey, analyst; S. J. Taylor, driller.] 





Thick- 
ness. 


Depth. 


Field 

No. of 

sample. 


K.O. 


Formation. 


Top soil, greenish-yellow clayey sand, becoming 
more yellowish and contaming scattered peb> 
bles. 

Clay, sandy, greenish to grayish drab, with scat- 
tered pebbles as large as 1 inch in diameter 
and grains of weathered glauconite. Toward 
base deeper color, larger proportion of glau- 
conite, more numerous pebbles. 

Glauconite beds with very stiff olive-colored clay 
matrix and a few pebbles; red streaks of oxi- 
dized material. 

Glauconite beds similar to above but with few if 
anypebbles; red streaks die out at base. 

Glauconitebedssimilar to M-66 but without the 
weathered iron streaks. At base a pebble 3 
inches in diameter. 

Glauconite beds, olive^xdored, clayey, less stiff 
and withsomewhat mealy texture. 


FUn. 
1 4 

1 5 

3 

1 2 

1 10 

3 3 

4 7 

2 9 

1 

4 5 

5 

1 6 
3 

5 3 


Ft, in. 

1 4 

2 9 

3 

4 2 
6 

9 3 

13 10 

16 7 

17 7 
22 

27 

28 6 
31 6 
36 9 




Percent 


Quaternary. 
Do, 










Do. 


M<65 
M-66 

M-«7 

M-68 
M-«9 


6.94 
7.58 

7.52 

7.58 
6.74 


Homerstown. 
Do. 

Do. 
Do. 


Qlauccmlte beds, a little less clayey, brownish- 
gray material mingled with ohve^een, be- 
comes more brownish at base. 

Glauconite beds similar to above, discarded in 

Glauconite beds, brownish drab with some ih- 

ool<M-ed streaks, consistency leas stiff. A few 

scattered gravel grains. 
Glauconite beds, hghter greenish drab, greenish 

and chocolate-colored streaks, white films sur- 
rounding some of glauconite grains. 
Glauconite beds similar to above but mingled 

with overlying material in driving pipe and 

discarded. 
Glauconite beds, greenish drab, rice gravel and 

quartz sand sufficiently abundant to suggest 

basal bed of formation . 
Glauconite beds becoming more sandy with 

leasclay; glauconiteandgravelin diminishing 

proportion. 


Navesink. 
Do. 


M-70 
M-71 


6.67 
6.60 


Do. 

Do. 
Do. 


M-72 


5.12 


Da 
Mount Laurel and 






Wenonah. 
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6«,] 



12. 



[Farm of Thomas MoMichael, at Somerdale, 330 feet N. 2^** W. from hole 11. Elevation of sur&oe, about 85 
feet. R. K. Bailey, analyst; 8. J. Taylor, driller.] 





Thick- 
ness. 


Depth. 


Field 

No. of 

sample. 


KiO. 


Formation. 




Ft. in. 


Ft. in. 




Percent 




Top soil about 3 inches, then stiff oUv^-green 
giauconitic clay with rootlets worked by plow 
to depth of about 


10 


10 






Quaternary. 






Glauconite bedii, olive-green, stiff, clayey, 
streaked with red iron-stained day. Two 


2 2 


3 


M-74 


5.43 


Da 












pebbles noted at depths of 22 and 28 Inches 
but rejected from sample, a few gravel grains 

Glauconite beds, oUve-green. stiff, clayey, with 
a few brownish streaks. A few gravel grains 






















3 3 


6 3 


M-76 


7.32 


Homerstown. 


and one pebble noted. 












Glauconite beds, yellowish 6live^»>lored, some- 
what mealy texture, yellowish sandy streaks. 


3 2 


9 5 


M-76 


7.42 


Da 


fine yellow powdery clay at base. 

Glauconite beds, light chocolate-brown with 
mingling of green m upper 4 inches. 

Glauconite beds, drab to grayish oreen, firm, 
hard to drill, much clay but oanslderable per- 
centage of mack, glauconite. 

Glauconite beds, Brownish to greenish drab. 


2 5 


11 10 


M-77 


6.44 


Navesink 












5 


16 10 


M-78 


6.64 


Da 






















5 


21 10 


M-79 


6.57 


Da 


with irr^iuJar streaks of brown and green, 
somewhat mealy texture, much black glau- 
conite. 
Glauconite beds like last but with some grains 






















3 


24 10 


M-80 






of quartz and af ew eravel grains at base. 
Glauconite beds simiKr to M-79 


1 3 


26 1 


6.12 


Da 


Glauconite beds, sandy and hard to drill, a sort 


3 


29 1 


M^l 


3.44 


Da 


of hardpan; considerable quarts mixed with 












the glauconite; cementing clay chocolate- 
brown; becomes more sandy downward with 






















abundant grains of rice gravel near base; no 












shells observed. 
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LMftlity S4, hale IS. 

[Farm of Thomas McMIdiael. Samaidale. 330 feet S. 87i* E. (Tom center of line between boles 11 and 12. 
Elevatian of aoriaoe, about 8B feet. 9. K. Bailey, analyst; S. J. Taylor, dilUer.] 





Thick- 
neas. 


Depth. 


Field 

No. of 

sample. 


K,0. 


Formation. 


Top soil brownish drab, somewhat sandy clay 


Fi.in. 
1 1 

3 

1 5 

1 

4 6 
3 4 

2 4 

3 10 

« e 

3 6 
3 6 

4 

2 8 

3 6 


FLin. 
1 1 

4 1 

6 6 

6 6 
11 
14 4 

16 8 
20 6 

27 
30 6 

34 

34 4 

37 

40 6 




PereenL 




with yellowaandvstreaks^flrading downward 
into yellowldi oirv»<solored elaooonitic clay. 

Glanconite beds,stifl,yeUow to dark oUv»«ol. 
ored. mdinginto hibt green, with yellow and 
reddiab iron-stained streaks, somewhat mica- 
ceous and containing a few small pebbles and 
grains of gravel. 

OJauconitebeds. light green, relatively free tram 

considerable Ihie quartz (in part debris from 
KirkwoodformatlonT). 
Sandy clay bed with scattered quartz pebbles 
becoming numerous downward, pebbles as 
large as 21nchesin diameter, bed very compact. 

Glaooonite beds, deep green or oUve-colored, 
clayey but with somewhat mealy texture, 
numerous streaks of yellow iron-stained clay, 
scattered pebbles i inch in diameter and a few 
gravel grains. 

Gbuconite beds, brown, stiff, clayey, with 
streaks of green material like preceding. 

Glauconite beds like M-86, of which 8 inches 
was inadvertently inchided; sample repre- 
sents total thickness of 4 feet 6 inehesT 

Glauconite beds similar to preceding but with 
less of intermingled green materiaL 

Glauconite beds, brown with green streaks, 
stiff, clayey;grayiahrwhiteooaangB on some of 
the grains. 

Glauconite beds, brownish drab, clayey, with 

grains of quartz: bed hard and compact. 
Gfituconite beds, blackish brown, clayey, with 

considerable quartz and grahis of rice gravel, 

one pebble^ inch in diameter noted. 
Sand, drab, clayey, with rice gravel and some 

glauconite. 
Sand, somewhat clayey, containing gravel 


M-82 

M-83 


3.74 
3.51 


Quaternary. 
Do. 

Do. 

Do. 


M-84 

M-S5 

M-87 

M-88 
M-80 

M-00 


7.45 

7.66 

6.15 
6.63 

6.65 

6.70 

4.65 


Homerstown. 
Do. 

Navesink. 
Do. 

Do. 
Do. 

Do. 

Do. 






Do. 






Mount Laurel and 






Wenonah. 



Locality 65, hole 14. 



[Farm of Thomas McMichael. Somerdale, at culvert about one-fourth of a 
station, east of track and north of creek. R. K. Bailey, analyst; 


mile northwest of Somerdale 
3. J. Taylor, driller.] 




Thick- 
ness. 


Depth. 


Fidd 

No. of 

sample. 


K,0. 


Formation. 


Clay, green, glaooonitic, somewhat sandy, with 

streaks. 

Deposit locaUy called "red marl." Clay, red 
with iron oxide, glauconitic; contains gravel 
and pebbles as large as 1 inch in diameter; in- 
cludes a 2-inch layer of stiff green glauconitic 
day. 

Clay, "red marl," red with oxide oiiron, glao- 
conitic; grains of quartz, a few small pebbles 
and gravel grains suggesting rice gravel. 


Ft. in. 
2 10 

8 

1 11 

2 5 
1 2 


Ft. in. 
3 10 

3 6 

5 5 

7 10 
9 




Percent. 


Quaternary. 


M-«l 


4.22 
2.96 


Da 

Do. 
Mount Laurel and 


irondxide.' 

Sand, white quartz. mimMvlMl by nyldiffh AAn«l 






Wenonah. 


wi^ iron oxide, water bearing: 
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For comparison with other localities the data furnished by holes 
11 to 13 are summarized below. 

Thickness and quality ofgreensand beds at holes 11 to 13, SamerdaU, 



Hole. 


Bed. 


Sample. 
No. 


Thickness 
repre- 
sented. 


KaO. 


Thick- 
ness 
of bed. 


Average 
content 

of 
KiO.o 


11 


Overburden 




Ft. in. 


Percent. 


Ft. in. 
3 

10 10 

17 8 

10 

■ 8 7 

- 16 8 

1 1 
4 5 

710 
19 8 

3 1 


Per cent. 




Green marl 


M-65.... 
M-66.... 
M-67.... 
M-88.... 
M-69.... 


1 2 

1 10 

3 3 

4 7 

2 9 
1 

4 5 
6 

1 6 
3 


6.94 
7.58 
7.52 
7.58 
6.74 


7 49 




rhncnlatr^ marl .. 






M-70.... 
M-71.... 


6.67 
6.60 


6 6.33 




Overburden 




12 


M-72.... 


5.12 






Qreenmarl 


m:-74.... 

M-76.... 
M-78.... 
M-77.... 
M-78.... 
M-79.... 
M-80.... 


2 2 

3 3 

3 2 
2 5 
5 

6 

4 3 


5.43 
7.32 
7.42 
6.44 
6.64 
6.57 
6.12 


6.88 




rhncniatei^arl. 


6.46 




Overburden 




13 


M-82.... 

m:-83.... 

/M-84.... 
\M-85.... 

M-86.... 

M-87.... 

M-88.... 

M-89.... 

M-90.... 


3 

1 5 
4 6 
3 4 

2 4 

3 10 
6 6 
3 6 
3 6 


3.74 
3.51 
7.45 
7.66 
6.15 
6.63 
6.55 
6.70 
4.65 






Green jnarl , 


3.67 
7.54 




rhncnlAte marl . 


6.21 




Average: 

Overburden 






C\r^j\ marl .... . . 












9 1 
18 


C7.35 




Chocolate marl 








6.32 
















27 1 


d6.66 



a Average for bed weighted according to the thicknesses represented by the respective samples. 
^ Average for 15 feet 2 inches but assumed to be approximate for entire bed of 17 feet 8 inches. 
« Average for the bed in 2.5-acre tract weighted according to its thickness at the respective holes. 
<< Average of entire thickness of marl in the 2.5-acre tract. 

As shown in the above table, the maximum thickness of the 
overburden in the 2.5-acre tract is 5 feet 6 inches, and the average 
is 3 feet 5 inch. At hole 13 the overburden consists in part of re- 
worked marl and carries significant amounts of potash, though per- 
haps not enough to be considered commercially. 

The green marl in the same tract has a maximum thickness of 
10 feet 10 inches, averages about 9 feet, and carries 7.54 per cent 
of potash (KjO). The chocolate marl has a maximum thickness of 
19 feet 8 inches, averages 18 feet, and contains 6.21 per cent of 
potash. The entire marl bed averages 27 feet in thickness and 
carries 6.66 per cent of potash. 

At hole 14 the so-called red marl consists of reworked glauconitic 
material, oxidized, and mingled with gravel but containing a maxi- 
mum of 4.22 per cent of potash for the samples analyzed. The 
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material appears to be a local deposit of Quaternary age which 
contains too little potash to be of commercial interest. 

WELL DATA. 

A number of wells sunk within a radius of 2 or 3 miles of Somerdale 
throw additional light on the thickness and character of the ovei^ 
burden and the thickness of the marl in the Somerdale district. At 
Magnoha a well drilled near the station'* showed 4 feet of over- 
burden consistiug of yellow clay and sand succeeded by 32 feet of 
"blue" marl underlain by water-bearing sands and other strata to 
the depth of 91 feet. A well drilled for Walter Hunt *' about three- 
quarters of a mile northwest of Kirkwood station (locality 56?), 
shows 50 feet of greensand marl beneath 44 feet of yellow quick- 
sand, and a second well,*^ described as 1 mile south-southeast of the 
well just cited, shows 30 feet of '^ black mud" (greensand?) and 
12 feet of green marl beneath 60 feet of yellow quicksand. 

The well at the Stratford House, nearly midway between Eark- 
wood station and Stratford station and on nearly the highest ground, 
furnishes the following record : '* 

Record of well at Stratford HotLse, near Kirhwood {locality 57). 
[Elevation, 100 feet. Water rises within 51 feet of surface.] 



Thick- 



Depth. 



Formation. 



Dog well 

Fine yellow sand 

Coarse yellow sand 

Yellowish loamy gravel 

Yellowish clayey sand , 

Oreenmarly day, very bard 

Blade marly sand 

Green marly day. verv hard 

Blade marly sand with water 

Green clayey marl, very stidry. . . . 

Limerock (7), very hard , 

Brown marly day, soft and stidcy. 
Blade sand and eravd with water. 

Hard stony conmamerate 

Lifi^t-green marly day 

Sand in layers, softer and harder.. 



Fut. 

33 
8 
2 
3 
2 
7 
3 

13 
5 
4 
2 
4 
3 
2 
2 



Feet, 
33 
41 
43 
40 
48 
65 
58 
71 
76 
80 
82 



91 
93 

100 



[Tertiary?] 



[Hornerstown 
Navesink.] 



and 



/[Mount Laurd and 
Wenonah.] 



If the above record is properly interpreted there is 45 feet of marl 
beneath 48 feet of overburden. 

At Laurel Springs a well drilled southwest of the railroad, near the 
miUpond, for Joseph Eldridge ^* shows the following record: 



" New Jersey GeoL Sorvey Ann. Kept, for 1894, p. 197, 1895. 

" Idem for 1901, p. 86, 1902. 

"* Idem, p. 87. 

» Idem far 1897, pp. 25&-35d, 1899. 

» Idem for 1901, p. 88, 1902. 
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Record of well of Joeeph Eldridge, near Laurel Springs {loealUy 58 f). 
(Elevation, eo feet. F. E. MoCann, driller.] 





Thick- 
ness. 


Depth. 


Fonnation. 


T^amy yt^llow grauf^l; fftiita^ie for roa(l mftiii'ng 


Feet, 
18 
22 
40 

15 
7 

1 


Feet. 
18 
40 
80 

05 
102 
103 


Quaternary. 
Kirkwoodfr) 


n**'oin^'oT oTaiige-yellk>w quictofsnd 


Qieea marly blue marl, Chocolate mar] 


Hornerstown and 


Dark*<x>k>red hard sand. 


Navesink. 

Mount lianrel and 
' Wenonah. 


8heIllM¥l 


Hard stone 


WUte sand, water bearing. 





The position of the base of the Navesink is not clear from the 
above section, but there seems to be at least 40 feet of marl beneath 
40 feet of overburden at this locality. 

OTHBS DATA. 

From an old marl pit southwest of Laurel Springs, where the green- 
sand was 10 to 12 feet thick and was overlain by 20 feet of over- 
burden, W. C. Phalen collected a sample which was analyzed in the 
laboratory of the United States Geological Survey and foimd to 
contain 6.40 per cent of potash.'^ 

A large marl pit at locality 59, on the west side of the railroad 
track, about 0.6 mile N. 20° W. of Kirkwood station, was visited by 
Dr. KtUnmel, who observed the following section at the north end 
of the pit near the railroad: 

Section at marl pit about 0.6 mile N. 20^ W. of Kirkwood station (locality 59). 
[Elevation, about 58 feet.] 



Thick- 



Foruuif 



A. Greenish marly sandy clay, very tough 

B. Coarse greenish marly sand and fine gravel, 
C ICarl exposed alwut 3 feet above floor of pit 



Feet. 

3-3 



3-4 
3 



Pleisto- 
cene. 
Do. 

Homeis- 
town. 



10 



There are no data about the former depth of the pit. 

In 1918 a pit was opened in ground purchased by the Coplay 
Cement Co., of Coplay, Pa., at locality 60, about 0.3 mile due south 
of Osage station. A few carloads of greensand dug in this pit were 
shipped from Ashland. The pit was largely filled with water in 

tr Ashley, O. H.» Notes on the greensand deposits of the eastern United States: U. 8. GeoL Survey BuU. 
M0« pp. 40, 47, 1918. 
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March, 1919. About 1.5 feet of greensandi corresponding with the 
green maii of holes 11 to 13, was exposed beneath an overburden of 
about 4 feet of sand, including a 6*inch gravel bed just above the 
mail. A sample representing 1 foot of fresh material, analyzed in 
the laboratories of the Geological Survey, showed a total potash 
content of 7.17 per cent. 



As shown on the map, the lime-sand phase of the Vincentown forma- 
tion is exposed in branches of Timber Creek, near Laurel Springs- 
Beds of indurated Iiix\e sand full of Bryozoa may be seen at locality 61, 
in the bed of the brook, below the bridge 1^ miles west of Clementon. 
Some material taken for experimental purposes from this locality is 
reported to have contained as much as SO per cent of carbonate of 
lime. Above Laurel Springs the lime sand occurs in close proximity 
to tJie railroad. 

XSTZXATSa 07 TOmTAOB AVD VALTJX. 

As stated on page 64, the average thickness of the marl bed in the 

2.5-acre tract at Somerdale is 27 feet, and its average potash content 

is 6.66 per cent. On the assumption, as in previous estimates, of 28 

per cent of voids and a weight of 133 pounds per cubic foot, the total 

potash in an acre of the 2.5-acre tract would amount approximately 

^ 43,660X27X133X0.0666 . ^^ . t *i. o ^ x x *i. 

to — 2000 —6,200 tons. Li the 2.5-acre tract the 

total potash would be about 13,000 tons. 

With an 80 per cent recovery and a price of $2.50 per unit of 20 
pounds (March, 1920) the potash in a ton of greensand would be 
worth $13.32 and in an acre of the specified tract it would be worth 
$1,040,000. At the more probable price of $1.50 per unit the same 
quantities of potash would be worth $7.99 and $624,000 respectively. 
As in the previous estimates the values given for the potash are hypo- 
thetical, being dependent on the extraction of the potash by processes 
whose success has not yet been commercially demonstrated. 

XTTJUZATIOV 07 TKB DEPOSITS. 

The 2.6-acre tract at Somerdale station is part of a larger area of 
suitable size and of sufficient potash content to justify commercial 
exploitation. No water transportation is available, but the district is 
served by two railroads and lies only 9 or 10 miles from Delaware 
River at Camden. 

At holes 11 to 13 the water level was not reached at a depth of 40 
feet 6 inches, and the marl was dryer than at any of the other holes 
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bored. Absence of water would doubtless be an advantage in hand- 
ling and shipping. 

Northwestward from these holes the thickness of the marl may be 
expected to diminish to zero along the general northwest boimdary 
of the belt indicated on the map (PL II). Along the southeast 
boundary, as shown by the well records cited, a thickness of 40 to 45 
feet may be expected, but the overburden also is probably thicker. 

WDrsiiOW. 

A well at Winslow, near Hammonton, in Camden County, shows 
the increase in depth of the marl beds in the' direction of the dip. 
In a distance of about 13 miles the top ( ?) of the Homerstown marl 
has descended about 300 feet. This well was sunk about 1853 and 
is thought by Twitchell to be the first deep well in New Jersey. 
Its record has been repeated in somewhat varying form in reports 
of the New Jersey Survey from 1868 (Cook) to 1890. Its record, 
as worked out by Knapp,*® follows: 

Record of well at Winslow. 



Thick- 
ness. 



Depth. 



Surfftoe earth due avay 

Blue and black cwy... 

Glass sand described as quicksand 

Miocene clay described as hard black day 

Miocene sand described as quicksand 

Brown clay described as hard black clay 

Oreensand marl shells, etc 

Pure greensand, no fossils; "WbUst rose from the bottom of the greensand" 



Fed. 
5 
15 
95 
35 
107 
43 
20 
15 



Feet. 



5 
20 

115 
150 
257 
300 
320 
335 



a Cook, O. H., Geology of New Jersey, p. 291, 1868. 



HABLTON DISTRICT. 



SELECTIOV OF ABEA. 



In the vicinity of Marlton the area occupied by the combined 
Homerstown and Navesink marls expands to a broad belt about 
2 miles wide. The greensand may be recognized in the roads and , 
the plowed fields at many places. A number of marl pits were 
opened in the early days, and the marl was much used. More recently 
the Atlantic Potash Co. has opened pits, described below, along the 
railroad, about 1.1 miles east of Marlton, for commercial exploitation 
of the marl and the extraction of the potash. About 1 mile south- 
east of Marlton the Vincentown sand emerges from Tertiary cover, 
though it is still concealed to a greater or less degree by Quaternary 
deposits. 

» Knapp, Q. N., data on file at the oiBoe of the State geologist, Trenton. 
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The field of Alphonso Fusco, at Elmwood Road station, about 1.8 
miles east of Marlton, was selected for exploration because, so far as 
could be told from the map and the general appearance of the coun- 
try, it lies near the contact of Vincentown sand and Homerstown 
marl, so that a full thickness of greensand marl might be expected. 
The overburden, too, was thought to be relatively thin. 




FioiTBE 6.-€ketch map of part of the Marlton district, showing the location of hdes 15 and 16. 

HOLBS U ASD 11 

A 2.5-acre tract was laid out east of the road and north of the 
railroad, and two holes were sunk 330 feet apart, as indicated in 
figure 6. A third hole was planned, but the contract for drilling 
expired before it could be started. The records of holes 15 and 16 
follow. 
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Reoorck of holes in MarUon diitrid, 
LocftBtr 62, liole 15. 

[FEurm of Alphonso Fusco, Elmwood Road, 65 feet N. 63* E. from oenter of railroad crossing Just east of 
station. Elevation of surface, about 65 feet. R. K. Bailey, analyst; S. J. Taylor, ^Uler.] 





Thick- 


Depth, 


Field 
No. of 


K,0. 


Formation. 




nesB. 




sampl& 








Ft, in. 


Ft, in. 




PercenL 




Soil, rather sandy, with some clay 


6 


6 






Quaternary. 


Sand, clayey, somewhat glauconltic, yellowish 

drab, becoming greenish yellow. 
Sand, clayey, glauoonitic. with some mica and a 


2 6 


3 






Do. 








8 6 


11 6 






Do. 


few pebbles (one angular granitic fragment f 








Inch in diameter noted), yellowish green, 












water bearing, hard at base. 














2 


13 6 






Do. 


onepebble2inche8in diameter; mateiialhard 
and compact. 
Olauconite beds, black, with considerable 








3 6 


17 






Do. 


qnarts, contain some lumps of yellow sandy 
clay and scattered pebbles; one subangular 


















quartdte pebble 1^ inches in diameter; mate- 
rial runs like quicksand. 












Olauconite beds, with fine quartz sand and dark 


5 


22 


M-08 


4.82 


Vincentown. 


greenish-drab clay; runs; some layers appar- 












ently more firm and form lumps with greasy 
feel; some layers dry, but sand as whole is 












waterbearing. 
Olauconite beds, coarse grains, smaller propor- 


6 2 


28 2 


M-W 


6.68 


Homerstown. 


tion of clay, shell fragments, one or two casts 
poorly preserved, occasional nodules of hard 






















gray and brown clay with included grains of 












glauoonite, concretions of marcasite. 












5 


33 2 


M-lOO 


7.33 


Do. 


gie^h tint, water bearing; material appears 
to be compact but when loosened is a runny 












glauconitiosand with fine grains and compar- 
atively little clay. Poorly preserved coralline 












fossils and concretions. 












Olauconite beds, greenish black, similar to M- 
100 but glauccHiite grahis slightly coarser and 


1 10 


35 












•M-101 


7.61 


Do. 


there is somewhat more green clay; runs easily. 
Olauconite beds like above, but shells are scat- 












3 6 


38 6 








tered through the material. 












Olauconite beds like M-100-101; material repre- 


1 11 


40 5 


M-102 


7.55 


Do. 


sentsba8alpartofdark-groenmarl,runseasfly. 












Olauconite beds, chocolateKX>lored marl, glau- 
conite mingled with muchbrown clay and tiny 


4 10 


45 3 


M-108 


6.30 


Navesink. 












Olauconite beds, brownish black; clayey beds 


3 6 


48 9 








fairly firm. 

OlauoonitB beds limihr to last but with scat- 
tered shells. 

Otouoooite beds slmOar to M-104. Shells scat- 


1 6 


50 3 


M-104 


6.38 


Do. 


4 11 


65 2 


M-106 


6.45 


Do. 


tered through brownish-black glauoonitic clay. 












Olauconite beds similar to M-105; material dries 

to agray color. 
Olauconite bedssimilarto above; contain a few 


4 10 


60 


M-106 


6.28 


Do. 


4 4 


64 4 


M-107 


6.60 


Do. 


grains like rice gravel and some shell fragments . 
Obuoonite beds, brownish black; glauconite and 


5 4 


60 8 


M-108 


5.12 


Do. 


clay continue abundant but gravel grains and 






















fragment of Belmnttelto noted at 67 feet. At 












base gravel and shell fragments become abun- 












dant. Be<«mn<<«aa fragments numerous. 
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fFtomcfA^ilKBMFiMxsElmwoodRowl, 330 feet 8.82* E.fhni bote U. Elerfttion of sorfMe, about 
ttfeet. B.K.Byiey,aiialy8t;8.J.Ta7lor,dilller.l 



Tbick. 



Deptb. 



Field 
No. of 



K.O. 



Fonnatlon. 



Son, Ivown dayej sand witb mne bnmns 

Sand, dayvy, yttiow to yeUowisb-green 

Cla7, Staaoooiitic and sandy, graen wltb yellow 
streaks of inm-stained day. Lower 8 inches 
saody, water beaiinc, oonaidflrable quarts 
and one pubbJe noteaat base. 

C^y. sandy, gjaoeonitic. yeUowUb green 

Sand, chtyey, dark grayisb oeen; sand Ls prin- 
cipally quarts but Inchides considerable 
glaooonite, almost a quicksand. At 11 feet 
material more firm, bard to drill. Propor- 
tion of glauoonite increasee wltb depth and 
quarts becomes coarser, gravel grains 
scattered throng but disappear near base. 
Gay becomes greenisb toward base. 

Qay, glanoonitic and sandy, greenish gray to 
bbck. Probably basal poraonolVlnoentown 
formatioii. 

Glauoonite beds, brownish gray to grayish- 
Made, sl^Il bed with caste of TVrcAraftfto and 
other forms, nodules of marcasite, scattered 
rounded grains of frayel as large as ) indi in 
diameter, bed bara and oompacc. 

(Hauoonite beds, soft and runny wlfli oom- 
paratively little day, but slightly micaceous, 
green streaks minted with the brown give 
general dark grayish odor. 

(ffimoonite beds, brown and green dayey ma- 
terial, compact, fossil oorals more or less re- 
T^aoed by ^uoonitic day. 

Obuoonite beds, stiff clay utyer in upper 2 feet, 
lower part soft and runny, distmct dark 
greenisn color; a few grains of gravel, one 
pebMe i inch m diameter, and a few shell 
fragments noted; about 1 foot above base clay 
becomes a liebter green. 

Glauoonite beds similar to last, brown, clayey. . 

(Hauoonite beds, greenish, quartzose, sravelly, 
water bearing, casts of shells, small flakes 
of mica. 

Glauoonite beds, brownish, dayey 

Glauoofnite beds, brown, dayey. probably 
oorrespond with diocdate marl of Sewell; 
carry oonsklerable glauoonite; one frag- 
ment of fllhaik tooth noted at about 40 feet. 

Glauoonite beds similar to last 

(SaucfHiite beds, brown, dayey, fndude small 
shell f ragmente and a few grams of gravd. 

(Sauoonite beds, shell fragmente increase In 
number, rice gravd and n-agments of Beiem- 
nUHia. less day, abundant glauconlte, con- 
sideraaie quartz, wacer bearing. 



FLin. 

1 
1 
4 



1 8 
8 4 



Ft. in. 
1 
2 
6 



7 8 
16 



PereenL 



M-109 



3.10 



Quaternary. 
Do. 
Do; 



Do. 
VincpntowQ (r). 



3 8 
5 4 



11 
10 1 



10 6 
3 4 



3 2 



19 
22 



24 



27 8 



30 
36 7 



37 6 

47 7 



61 4 
64 6 



M-110 



M-111 



M-112 
M-113 



M-114 

M-115 



M-116 
M-117 



M-118 



6.68 



6.58 



Do. 



6.86 
7.11 



7.13 

6.84 



6.36 
6.58 



5.62 



Navesink. 
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The data furnished by holes 15 and 16 are summarized below: 
Thickness and quality of greensand beds at holes IS and 16 j Elmwood Road, 



Hole. 


Bed. 


Sample 
No. 


Thickness 
repre- 
sented. 


K,0. 


Thick- 
ness 
of bed. 


Average 
content 

of 
KtO.a 


15 


Overburden 




n. in. 


Percent. 


n. in. 
17 

11 2 

12 3 

29 3 

16 
8 

13 6 
27 

16 6 


Percent. 




RIhaV marl 


/M-08.... 
M-fl9.... 
M-100... 
M-101... 
M-102... 
M-103-.- 
M-104... 
M-105... 
M-106... 
M-107... 
M-108... 


5 

6 2 
5 

5 4 
1 11 
4 10 
5 

4 11 
4 10 

4 4 

5 4 


4.82 
6.68 
7.33 
7.61 
7.65 
6.30 
6.38 
6.45 
6.28 
6.60 
5.12 


5.85 




Oreen marl 


7.49 




Choro1at4^ Tnarl . . . 


6. 16 


16 








Black Tnarl 


/M-UO... 
M-IU... 
M-112... 
M-113... 
M-114... 
M-115... 
M-116... 
M-117... 
M-118... 


3 
5 

3 8 
5 4 

4 6 
10 1 
10 5 

3 4 
3 2 


6.86 
7.11 
7.13 
6.84 
6.36 
6.58 
5.62 


6.24 




Green marl 


b 7 05 




Chocolate marl 


6.48 




Average: 

Overburden 






"RlflM»VTOWl. 












9 7 
12 11 
28 2 


c 5.01 




Green marl ' 






C7.26 




Chocolate marl ' V. 






C6.32 












/ 






50 8 


<i6.50 



a Averace for bed weighted aocordinK to the thicknesses represented by the respective samples. 
ft Indudies 11 inches of chocolate marl. 

c Average for the bed in the 2.5-acre tract weighted according to Its thickness at the respective holes. 
d Average of entire thickness of marl in the 2.5-acre tract. 

As shown in the above table, the maximum thickness of the over- 
burden in the 2.5-acre tract, as inferred from the two holes, is 17 
feet and the average is 16.5 feet. The land rises slightly toward the 
north side of the tract, so that 17 or 17.5 feet would perhaps be a 
fairer average for the overburden. 

The presence of the T^reftra^ifcZa-bearing bed at hole 16 fixes 
definitely the position of the top of the Homerstown at 19 feet at 
that place; the corresponding bed, not so well marked, occurs at 
22 feet at hole 15, where the surface elevation is 4 feet higher (65 feet) . 

Above the top of the Hornerstown is a bed 5 feet thick at hole 15 
and 3 feet thick at hole 16, consisting largely of fine quartz sand and 
glauconite with more or less clay. This bed is presumably the basal 
part of the Vincentown sand but may represent reworked material 
of Pleistocene age. It contains sufficient glauconite to warrant its 
inclusion with the imderlying marl beds, and it is here classed with 
the black marl. 

The black marl has a maximum of 11 feet 2 inches, averages 9 feet 
7 inches, and contains 6.01 per cent of potash (KjO). The green 
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marl has a maximum thickness of 13 feet 6 incnes, averages 12 feet 
11 inches, and contains 7.26 per cent of potash. The chocolate 
marl has a maximum thickness of 29 feet 3 mches, averages 28 feet 
2 inches, and contains 6.32 per cent of potash. The entire bed 
averages 50 feet 8 inches or, for purposes of computation, say 60 
feet in thickness and contains 6.50 per cent of potash. 

WSLLDATA. 

Numerous wells sunk within a radius of 2 or 3 miles of Marlton 
serve to check the thickness and continuity of the marl and show the 
general thickness of the overburden in the district. At locality 64, 
which is on relatively high ground midway between Marlton and 
Ashland and southeast of the marl belt as mapped, there is 50 feet 
of greensand beneath 81 feet of overburden, as shown in the following 
record:'* 



R£Oord ofweU of 8. C Oardiner, about 2,6 miles sovihweH of Marlton^ on road to AMand 

(locality 64). 

[Elevation, 147 feet. W. C. Barr, driller.) 



Thick- 



Depth. 



Fomnation. 



BngweH 

YeQow qtiickBand 

Gravel and coarse sand mixed 

Green marl 

Choooiate marl.- 

Sand with water 



Feet, 
40 
35 

6 

20 
80 

6 



JFea. 

40 
75 
81 
101 
131 
137 



[Quatemaryr] 

\[Homer8town and 
/ Navesink.] 
[Mount Laurel and 
Wenonah.] 



Three wells at Marlton show considerable thicknesses of marl, but 
they also show a rather thick overburden. 

Record of well of H, B, Dunphey, at Marlton (looality 65) fl 
[Elevation, 105 feet. W. C. Barr, driller.] 



Thick- 
ness. 



Depth. 



Formation. 



Top soil, yellow loam and gravel 

Black marl 

Greeamarl 

Chocolate marl, with white shell, probably Oryphaea. . 

Gray sand withirony water 

Black sand 

Black clay 

Fine white sand with good water 



Feet. 
18 
14 

9 

29 
12 
40 
72 

6 



Feet, 
18 
32 
41 
70 
82 
122 
194 
200 



Pleistocene. 

[Homerstown and 
' Navesink.] 

\[Mount Laurel and 

/ Wenonah.] 
[Marshalltown.] 
[EngUshtown.] 



a New Jersey GeoL Survey Ann. Rept. for 1896, p. 69, 1896. 

If the black marl beneath the gravel is considered part of the 

Homerstown there is a thickness of 52 feet of marl beneath an over- 

— - ~...i. » .... — . II I ■ ^i 

n New Jersey QeoL Survey Ann. Rept. lor 1896, p. 143, 1807. 
$8625°— 22 Q 
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burden of 18 feet. The records of the well at locality 66 and of 
hole 16 suggest that this black marl may perhaps more properly be 
assigned to the Kirkwood or the Vincentown. 

Record of well at vxjierworlsy McarUon {locality 66) fl 
[About 0.6 mile south of railroad station. Elevation, 115 feet(7). A. G. I>uiq>]xey, driller.] 



Thick- 
ness. 



Depth. 



Formation. 



Sou 

Yellow gravel 

Yellow quicksand 

Black mud , 

Marl 

Brown mud (chocolate marl7) , 

Mud and shell 

Gray sand with abundance of water, somewhat irony. 

White sand 

Black sand , 

Whitish or gray sand 

Black sandy mud , 

Black olay at , 

Black muddy sand 

Sand V marl 

Light-colored sand 

Yellowish-white sand with satisfactory water. 



\[Quatemary?] 

|[Kirkwood?] 

[Homerstown and 
Navesink.] 



[Mount Laurel and 
Wenonah.] 



[Marshalltown?] 
[Englishtown?] 



a New Jersey Geol. Survey Ann. Rept. for 1897, pp. 259-260, 1898. 

Here there is 47 feet of marl beneath 49 feet of overbm-den. 
The writer is indebted to M. W. Twitchell for the following record 
and interpretation of the neighboring well of T. R. Wills: 

Rec(yrd of well of T, R, Wills, near Marlton (locality 67). 
[Five-eighths of a mile south of Marlton. Elevation, 100 feet. A. G. Dunphey, driller.] 



Formation. 



Soil and yellow loam 

Gravel and greenish-yellow sand 

Yellowish sand with some greensand grains 

Dark or black clay 

Sand, mixture of greensand and white quartz grains 

Greensand marl, somewhat clayey 

Pure greensand marl, called powder-grain marl 

Chocolate marl 

Chocolate marl, darker shade 

Mixture of greensand and quartz sand, with some thin crusts 
of irony conglomerate; contains Oryphaeostrea vomer and a 
morejponderous Orypuiea or oyster, too fragmentary for 
spedfic identification, also the mineral viviamte, replacing 
the lime of some of the shells. 

Medium-coarse sandy slightly greenish yellow 

Medimn-coarse sand, greenish yellow but darker 

Finer sand, similar m color, but containing numerous pale 
yellowish-green casts of Foraminifera. 

Sand, slightly clayey 

Sand, mainly quartz grains , 

Black sandy clay 

Hard crust, consisting of sand conglomerate, shells, and 
other fossils. In this stratum were found the cusp of a 
tooth of Thoraco9auru8 neoceaariensis Leidy, a gavial re- 
lated to the crocodile^ and also the moUuscan genera Oar" 
dium, GryphaeOf and Pecten. 

CleaiL clear yellowish quartcose sand, without greensand 
grams, water hearing. 

Bandy clay, with greeosaod. 



Thick- 
ness. 


Depth. 


Feet. 


Feet. 


12 


12 


3 


15 


7 


22 


10 


32 


4 


36 


14 


50 


10 


60 


8 


68 


14 


82 


5 


87 


9 


96 


2 


98 


20 


118 


12 


130 


13 


143 


62 


195 


1 


196 


3 


199 



Kirkwood. 



Homerstown and Nav- 
esink. 



Mount Laurel and We- 
nonah. 



Englishtown. 
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76 



At this locality the top of the Homerstown is not present, but 
there is 46 feet of greensand beneath 36 feet of overburden; consisting 
of Kirkwood sand. 

A weU sunk for Joseph EvanS; about 1.5 miles southeast of Marl ton, 
furnishes the following record: 

Reeord of well of Joseph Evans, 1.5 miles southeast cf Marlton (heality 68) fi 

[BlevBtion, 129 feet.] 





Thick- 
neas. 


Depth. 


Formation. 


Sand 


Fed, 
20 
fiO 
14 
9 
27 
27 
2 
6 


Feet, 
20 
70 
84 
93 
120 
147 
149 
156 




Wftpk" loftTii nr marl 


{Kirkwood 7] 


flfUKl 




Crust 


[Vinoentown T] 


RfH>!ri marl -,.-,.--.,--,-.,,.--, 




aand 


[Hornerstown and 


Crast of oyster and other shells 


Navesink T] 


White fland with wAter 


(Moont Laurel-Weno- 
nah.] 





a New Jersey GeoL Sonrey Ann. Rept. for 1894, pp. 214-215, 1895. 

If the writer's interpretation of the above record is correct there 
is 54 feet of greensand marl beneath 93 feet of overburden. The 
'* crust '' at a depth of 84 feet is thought to be the more massive lime- 
sand phase of the Vincentown, but it may represent the shell bed at 
the top of the Homerstown. The shell bed at a depth .of 147 feet is 
probably the base of the Navesink. 

Record of well of J. W. Barr, about t miles east of Marlton {locality 69) jo^ 
[Elevation, 70 feet.] 



Thick- 
ness. 



Depth. 



Formation. 



Sdl and green clay 

Coarse sand and gravel 

Black and green marl 

Chocolate marl 

Shell crust with BelemnUeUa. . 
Sand, water bearing 



Feet. 
10 
10 
14 
30 
4 



Feet. 



([Qoaternary.) 
[Hornerstown and 
Navesink.] 

[Moont Laurel and 
Wenonah]. 



a New Jersey Oed. Survey Ann. Rept. fbr 1894, p. 200, 1805. 

The upper shell bed is not present at this locality^ but beneath 20 
feet of clay, sand; and gravel there is 48 feet of greensand marl, 
including the lower shell bed. 

The records of a number of other wells in the vicinity of Marlton, 
so far as they relate to the marl and its overburden, are summarized 
in the following table. 
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Thickness of overburden and of marl at several wells near MarUon. 



Local- 
ity. 



Reference (New 

Jersey Geol. Survey 

Ann. Rept.)- 



Owner. 



Over- 




bur- 


Marl. 


den. 




Fed. 


Feet. 


40 


68? 


7 


61 


26 


64 


50 


67 


30? 


40 


20± 


50 


31 


35? 


85 


42 


50 


45 


20+ 


66? 


58 


37 


30 


50 


37 


49 



Driller. 



70 
70a? 



71 

72? 

73 



74 



18W,p.215 

1899, p. 69 

1804, p. 206 

1894, p. 213 

1894, p. 210 

(«) 

1894, p. 211 

1897, pp. 260-261... 

1894, p. 213 

1894, p. 214 

1894, p. 216 

(«) 



Jacob L. Evens 

do 

Samuel Lippincott. 
William J. Evans. 

Josiah Ballenger 

W. B.Cooper 

Benjamin Cooper. . . 

T. C. Hammitt 

B.S. Lippincott... 
Levi T. Ballenger.. 

A. W. Lofland 

Samuel R. Cooper.. 



A. G. Dunpbey. 
W. C. Barr. 

Do. 
Stotthoff Bros. 

J. W. Barr. 

A. O. Dunpbey. 

W. C. Barr. 

Do. 

Do. 



a Personal communication. 

Definite locations for a number of these wells are not available, 
but they all lie within 3 miles of Marlton and mostly to the east or 
southeast. They are near the southeast boundary of the marl belt 
and show an average thickness of about 49 feet of marl beneath about 
37 feet of overburden, which, at several of the wells, consists in part 
of Vincentown and Kirkwood sands. 

OTHER BATA. 

Some of the marl exposed in plowed fields and along roads near 
Marlton is reworked material of Pleistocene age that might readily 
be mistaken for marl in place. For example, at locality 75, between 
Marlton and Evesboro, Dr. Kiimmel noted in 1915 a good exposure 
of reworked marl 2 feet thick resting on a bed of yellow iron-stained 
gravel also about 2 feet thick. In the old marl pits in that vicinity 
the only exposures at present show reworked marly clay with pockets 
of gravel. The real marl occurs below the floor of the pits at an 
elevation of about 90 feet and beneath the gravel. 

The pits of George T. Middleton, at locality 76, about 1.1 miles N. 
78° E. from Marlton station, are entered from the Evesboro-Medf ord 
road. According to information furnished to Dr. Ktimmel in 1917 
these pits have not been dug recently, but the marl lies near the 
surtaGe with only 2 or 3 feet of overburden and no shell bed. The 
marl was formerly dug to a depth of 12 feet, where water interfered 
with digging, but the marl was said to be much thicker and to contain 
more than 7 per cent of potash. 

▲TLAJrriC POTASH 00.'S PIT. 

The pit of the Atlantic Potash Co. lies about 1.1 miles due east of 
Marlton, at locaUty 77, just north of the railroad. At the time of the 
writer's visits, in October, 1918, and January and March, 1919, the 
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A. DREDGE, PIT, AND STOCK PILE OF ATLANTIC POTASH CORPORATION ABOUT 
1.1 MILES EAST OF MARLTON, BURLINGTON COUNTY, N. J. 

Note abundance of water in pit. 



B. RECENT DIGGING AT NORTHWEST CORNER OF WEST JERSEY MARL & 
TRANSPORTATION CO.'S MARL PIT NEAR SEWELL, GLOUCESTER COUNTY, 
N.J. 
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MARLTOK DISTMCT. 77 

pit was filled with water. In September, 1917, fresh surfaces were 
exposed and Dr. Kdmmel measured the following section: 

Section at pit of Atlantic PoUuh Co., 1.1 miles east of MarUon (locality 77). 

Feet. 

Sandy ciay and gravel 3-5 

Yellow bed, Oryphaea ahells, iron ttaiped and more or leas de- 

oamposed 2-2J 

White unaltered shells, 80 per cent Grypham, some Terebratula 

harlani; upper contact very sharp and approximately horizontal. )-l 

Dark greenish-black marl, exposed 6-7 

15i 

It was stated that 40 feet of marl had been dug here without 
reaching bottom, and that about 13 feet from the top the marl 
became a Uttle more greenish. 

The condition of the pit in March, 1919, is shown in Plate VIII, A. 
Determinations of the weight of the marl per cubic foot were made 
on relatively fresh nm of mine material, as described on pages 19-20. 
A sample of this material analyzed at the Survey laboratories con- 
tained 7.63 per cent of potash {Kfi). 

XJMESAira). 

The lime sand does not come to the surface in the Marlton district, 
but it is penetrated in a number of wells in the eastern and south- 
eastern parts of the district. The map shows its probable distribu- 
tion northeastward from a place about 1 mile southeast of Marlton, 
where it emerges from beneath Tertiary beds but is still concealed 
by Quaternary deposits. 

BSTXKATES 07 TOmTAOS AVD VALtTS. 

In the 2.5-acre tract at Elmwood Road station the thickness of 

the marl is about 50 feet and its potash content 6.50 per cent. On 

the assumptions, as in previous estimates, of 28 per cent of voids and 

a weight of 133 pounds per cubic foot, 1 acre of this tract would 

^ . 43,560X50X133X0.065 ^ .^ . . 4. i. nr r\\ j 

contam — 2000 =9,400 tons of potash (K,0) and 

the 2.5-acre tract would contain 23,500 tons. 

With an 80 per cent recovery and a price of $2.50 per unit of 20 
poimds (March, 1920) the potash in a ton of greensand would be 
worth $13 and the potash in an acre of this tract would be worth 
$1,880,000. At the more probable price of $1.50 per unit the potash 
in a ton of greensand would be worth $7.80 and the potash in an 
acre of the groimd would be worth $1,128,000. These estimates of 
value have no relation to the present value of the land, as they are 
dependent upon the extraction of the potash by processes whose 
successful operation has not been commercially demonstrated. 
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IFTZLXZATXOH OF TKI DIP08XTS. 

The 2.5-acre tract is part of a tract lai^e enough for commercial 
development and lies on a railroad that gives direct access to Dela- 
ware River at Camden, about 16 miles distant. 

At holes 15 and 16 and at the Atlantic Potash Go/s jnts water 
rises within a few feet of the. surface and will need to be considered 
in any plan for exploitation of the marl. 

Along the southeast boundary of the marl belt a thickness of 
about 50 feet of marl may be expected, but the overburden is rela- 
tively thick, being about 17.5 feet in the 2.5-acre tract. Where 
streams have removed some of the overburden, as in the vicinity of 
the Atlantic Potash Co/s pits, the marl will be more accessible. 

ICEDFOBD DISTBICT. 
ILUtl. L0GAZJTZK8. 

The Medford district merges with the Marlton district on the 
west and is discussed separately only for convenience in the presen- 
tation of data. At Medford the Manasquan marl underlies the 
surface sand and gravel, but to the south, east, and northeast the 
Kirkwood is foimd. The Manasquan forms a belt extending nearly 
4 miles southwest of Medford, but the marl is only locally exposed. 
It was formerly dug here and there, as at locality 78, about 1 mile 
southwest of the town. This locality was visited by Dr. Ktimmel 
in September, 1917, when he found the pits entirely grown up with 
trees and no marl visible. The marl was deeply buried by yellow 
sand and must have lain 12 to 15 feet below the surface. 

Just north of Medford the Vincentown sand forms a belt about a 
mile wide that is also largely concealed by surface sand and gravel. 
From the vicinity of Reeves station to a point within a mile of 
Lxunberton the Homerstown and Navesink marls occupy a belt about 
2 miles wide, in which the marl lies under varying amounts of sand 
and gravel and in some places is within a few feet of the surface. 

WELL DATA. 

The records of several wells show the thickness of the overburden 
and of the marl in different parts of the district. The writer is 
indebted to M. W. Twitchell for the following record and interpreta- 
tion of the well of J. S. Wills: 
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Record of well of J. 8. WUU, near Medford (locality 79). 
[El0Tatioii,63(r)feet] 



Thick- 



Depth. 



Formation. 



Soil 

Clay, yellow sand 

Fine gray sand with ereeDaandfiTsOns , 

Coarae gray sand with greeosand grains 

Oiive-oolored mail , 

Dark-green marl 

Umesand, Fonuninifera,Bryosoa. 

Green marl with shells (Of]rp9ka«i and IkrAratuJa) , 

Pure greensand, dark , 

Pure greensand, light 

Puregreenaand, dark , 

Puregreensand, chooolatfroolored 

Pure greensand, dark green 

Gray sand with greenaand grains and shell, etc., Exogi/ra 

and BdemniUf. 
Gray sand and water 



Feet. 
2 
3 
10 

8 



Feet, 

2 

5 

15 

23 

30 

35 

50 

70 

76 

80 

91 

104 

120 

124 

126 



Kirkwood. 



Vinoentown. 



Hornerstown and 
Navesink. 



Mount Laurel and 
Wenonah. 



This record shows a thickness of about 54 feet of Hornerstown and 
Navesink marl beneath an overburden of 70 feet; but included in 
the overburden are about 20 feet of Manasquan marl and 20 feet of 
Vincentown sand. 

At the farm of I. W. Stokes (locality 80), about 1 mile northeast of 
Medford, a well was sunk in the midst of the Hornerstown and Nave- 
sink marl belt. This shows 15 feet of overburden and 30 feet of marl, 
a commercial quantity. The following record and interpretation 
are supphed by Dr. Twitchell: 



Record of well of I. W. Stoles, near Medford (locality 80). 
[Elevation, 78 feet. Stotthoff Bros., driUers.] 



Thick- 
ness. 



Depth. 



Formation. 



Sand and earth., 
Marl 



Sand, varying 

Shelly layers 

Coarse gray sand (water irony) . 

Qreenman 

Black quicksand 

Marl. 



Quicksand 

Marl (fourth stratom) at 

Sand, some clay 

Sand, some day (water good) . 
Sand 



Feet. 
15 

ao 

15 

4 
6 
15 
25 
12 
35 



Feet. 
15 
45 

eo 

04 
70 
85 
110 
122 
157 
170 
175 
177 
183 



Hornerstown and 
Navesink. 



Mount Laurel and 
Wenonah. 



Marshalltown. 
Englishtown. 
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At the Eayrestown School, about 1.2 miles northeast of Eaj 
town, a well was sunk, which, according to the State Survey 
furnishes the following record: 

Record of well at Eayrestown School (locality 81), 
(Elevation, about 45 feet. 8. J. Taylor, driller.] 



Yellow sand 

Brown and yeUowish aandy loam 

Black marl, ''gunpowder" 

Dark-green marl 

Hardpan, limestone 

Fine greenish sand, water 

Hardpan, •'ooncrefce" 

White sand, water 



Thick- 



Feet, 



Depth. 



(. 


Ftet, 


5 


5 


15 


20 


20 


40 


10 


50 


1 


61 


10 


«1 


1 


62 


14 


76 



Formation J 



kOoatemaiy.] 

IrHomerBtown 

Navesink.] 

[Mount Laorel-I 
Wenonah.] 



The overburden at this site is relatively thick (20 feet). The : 
is 31 feet thick and from the deacriptive terms used is probablj 
good quahty. In view of the thickness shown it is probable that | 
marl extends farther northwest than is shown on the map. 

&. 8. RTAK co.'s pn. 

The pit of the R, S. Ryan Co., which formerly belonged to Edwa 
Rogers, of Medf ord, is at Reeves station, about 2 miles north of Me 
ford (locaUty 82), and is now the site of a plant for the extraction < 
potash from greensand marl. (See PI. IX, A,) At the north end 
of the pit the following section was observed in March, 1919: 

Section at pit of R, S. Ryan Co,, at Reeves station (locality 82). 



Thick- 
ness. 



Depth. 



Formation. 



Brown soil with pebbles 

Li^t-oolored consolidated glauconitie sand 

Iron stone, full of shell oasts and with local strongly ferrugin- 
ous bands. 

Black to greenish marl Clinch strongly ferruginous layer 
at base). 

Black marl with greenish streaks 



Feet. 
2 

1 
3 

1-li 

3 



Feet. 
2 
3 
6 

^\ 

m 



Quaternary. 

Do. 
Homerstown. 

Do. 

Do. 



The pit has been dug below the level of the base of the above sec- 
tion, but the lower part is concealed by water. The marl is said to 
be 40 feet thick and to contain from 6^ to 7 per cent of potash (El^O) . 
Material from the lower layer in the section was used in the weight 
determinations described on page 19. An average sample of fresh 
marl from this layer analyzed in the Survey laboratory contained 
6.25 per cent of potash. 

The ironstone layer, which in the above section coincides with 
the position of the shell bed at the top of the Homerstown, becomes 
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C. PIT AT FARMINGDALE, MONMOUTH COUNTY, N. J. 

»rmerly owned and operated by Squankum Marl Co.; now owned by D. Mahoney. View 
northwest showing present overgrown and flooded condition. 
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thinner southward and is only about 6 inches thick at the south end 
of the pit. At that place the shells are missing, and the ironstone 
includes pebbles. Thus the ironstone appears to cut across the 
upper beds of the marl at a faint angle, rising toward the north. 

The layer from which the sample analyzed came is in the upper 
part of the Homerstown marl. Comparison with the borings pre- 
viously described would indicate that mari of better quality would 
be foimd a few feet lower. 

LDfE SAND. 

The Vincentown sand with its lime-sand phase is reported in the 
logs of some of the wells already cited. In this district it is exposed 
only in the pit at locality 83, on Haynes Creek about 0.4 mile south- 
east of the R. S. Ryan Co.'s pit just described, with which it is 
connected by a tramway. The lime-sand pit also belongs to the 
R. S. Ryan Co., and the lime sand is used with the greensand in the 
process of potash extraction. 

The exposure shows about 8 feet of lime and quartz sand with hard, 
cemented masses of lime sand 6 inches to 1 foot thick, irregularly 
distributed through it. There sflre also large bodies of dark-greenish 
clay, grading into sand and here and there containing small masses 
of limestone. Clay bodies 10 feet or more loi^ and 2 or 3 feet 
thick lie near the base of the cut. A random sample of the loose 
lime sand analyzed in the Survey laboratory contained 35 per 
cent of carbonate of lime (CaCOg), and a sinular sample of the 
harder limestone phase contained 74 per cent. The analysis of the 
harder sample gave 52 per cent of lime (CaO), of which only 
about 32 per cent is in the carbonate form. The excess lime, 
20 per cent, is probably present as phosphate, for a qualitative 
test shows a strong reaction for phosphoric acid. Some iron is 
also present and may be combined with carbon dioxide (COj). The 
loose lime sand contains only a small excess of lime. The presence 
of phosphate of lime in the lime sand may account for its irregular 
consolidation and also in part for its beneficial action in agriculture. 

VINCaBNTOWN. 

Vincentown lies partly in the area of the Manasquan marl and 
partly in that of the Vincentown sand. Both marl and lime sand 
have been dug near the town, but these formations are only locally 
exposed* 

¥rBLL BATA. 

A few wells sunk near Vincentown give an idea of the amoimt and 
character of the overbiu'den and of the thickness of the lime sand 
and marl beds. The well of WiUiam J. Irick, about a mile west of 
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Vincentowny penetrates the Navesink marl and shows the succession 
of overlying beds. Its record follows: 

Record of well of William J. Iricky about 1 mxU west of Vincentovm {locality 84)'*^ 
[Elevation, 30 feet. A. G. Dunphey, driller .] 



Thick- 



Depth. 



Formation. 



Yellow gravel 

Orange-colored sand and fine gravel 

Yellowish sand with a few greensand grains 

Yellowish lime sand with plentiful Brvozoa 

Ash-colored lime sand with very few Bryosoa 

Grayish greensand with numerous Foraminifera, Bryosoa 

wanting 

Dark greensand with TerebratuIaharlaniajadOryphaea 

lighter-ookired greensand; no fossils 

Very dark colored greensand 

Grayish greensand with foesils, inctoding Orfphaea and 

Qrayi^ greenauid 'wHii SOinmiiUs -'' '.'.'..'..'...'.'..'..... 



Feet, 
3 
6 
9 
7 
19 

5 
1 

20 
31 

3 
5 



Feet. 



50 
70 
101 

104 
109 



j {Quaternary.] 
[Vincentown.] 



IHornerstown and 
^ Navesink.) 

Mount Laurel f). 



oNew Jersey Oeol. Survey Ann. Rept. for 1801, p. 71. 

Here beneath an overburden of 18 feet of sand and gravel, includ- 
ing probably the upper bed of the Vincentown, there are 31 feet 
of lime sand and 55 feet of greensand marl, including both shell beds. 

A well sunk at Richard Ridgway's farm, south of Vincentown, 
shows, as reported, some 90 feet of marl beneath 12 feet of over- 
burden. Its record follows: 

Record of well of Richard Ridgway, about i.75 miles sovih of Vincentown (locality 85).^ 
[Elevation, about 40 feet. S. J. Taylor, drlUer.] 



Thlck- 



D^pth. 



Fonnatloii. 



Low soggy ground 

Bark-green marl 

Light-green marl 

Oyster shells, hard stone, some greensand . 



FeeL 
12 

ao 

70 
10 



Feet, 
12 
32 

102 
112 



rQuat< 
UMai 



ternary.] 
anasquan and 
r vincentown?). 
[Top of Homerstownr 



a Files of New Jersey Geol. Survey. 

This well is about 2 miles farther down the dip than the Irick well 
and would thus be expected to show a greater thickness of the Vin- 
centown sand, which is locally very glauconitic, and a complete 
or nearly complete thickness of Manasquan marl. The limesand 
phase of the Vincentown, if present, was not recognized. It is pos- 
sible that the Vincentown is absent and that the shell bed mentioned 
is the base of the Navesink, but in view of the records of the Irick 
well and that of Henry I. Budd, given below, the interpretation in- 
dicated seems more probable. 
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83 



The well of Edward Blacklej, at locality 86| near that of Richard 
Ridgwaj^ shows a similar record but was sunk to a depth of 135 feet. 
The driller reports that the oyster shells were not so plentiful and 
that a little black muck was penetrated before reaching the sand, 
which was of a gray color. 

The well of Henry I. Budd,** described as 2 miles south of Birming- 
ham, is probably within 2 miles of Vincentown and somewhat north- 
west of the strike of the beds at the two wells last mentioned. At 
the Budd well the base of the Navesink is struck at the depth of 140 
feet. Its record follows. 



Record of well ofHenty I. Budd, 2 miles iouth of Birmingham. 

[Elevation, 50 feet.] 



Thick, 
ness. 


Depth. 


Feet. 


Feet. 


7 


7 


02 


60 


2 


71 


1 


72 


1 


73 


2 


75 


1 


76 


3 


n 


X 


80 


2 


82 


1 


83 


2 


85 


1 


86 


3 


89 


10 


09 


6 


106 


10 


115 


23 


138 


2 


140 


3 


143 



Formation. 



Loam and clay 

MarLsticlcy 

HardircnstGDe 

Mail 

Hardcnist 

Mar] i 

Hard Croat. 

MarL 

Hardenut. 

Marl 

Hardcnist 

MarL 

Hardcrast. 

MarL 

Sbttlmarl 

Shdl bed, Gryphaea and TerOratula 

Black sand ana marl 

Greensand marl 

CmatfBelemnitet 

Coarae white sand with water 



[Viatsentownf] 



[Hornerstown and 
^ Navesink.] 

[Moimt Laurel and 
Wcncnah.] 



In this well the position of the top of the Hornerstown is cleadj 
indicated by the Terebratularheajnng bed^ and the combined Horners- 
town and Navesink beds are thus 41 feet thick. The alternating 
marl and crust layers above this bed are suggestive of the lime-sand 
and limestone phases of the Vincentown, which under this interpre- 
tation would be 28 feet thick. The 62 feet of ''sticky marP' is 
probably too thick to represent only the Ma^asquan marl and may 
include the lower and more clayey portion of the Earkwood. The 
ironstone, however, su^ests unconformity, so that the Manasquan 
may be absent. 

UAML pcrs. 

At locality 87, about 1 mUe south of Vincentown, on the property 
of Dr. J. Clifford Haines, Dr. Kummel observed, in September, 1917, 

» New Jtntv Oeol. Survey Ann* Kept, for 199^ p. 143, W7.. 
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a freshly dug ^it with vertical walls in which the following section 
was exposed: 

Section at marl pit of Dr. J. Clifford Haines , 1 mile south of Vincentovm {locality 87). 

Feet. 

Sand and gravel 5 

Cnitrty marl 1 

Gray to black marl 3-4 

Water level. 

10 

Other exposures in the neighborhood showed 10 to 12 feet of 
stripping. 

In the early eighties, according to data on file at the New Jersey 
Geological Survey, the pits of the Vincentown Marl Co., which were 
near the Haines pit, showed an overburden of 6 feet of yellow and 
white sand and gravel resting on 15 to 20 feet of marl, gray above 
and black below. 

At locaUty 88, on the opposite side of the creek from locality 87, 
Dr. Kummel observed, in September, 1917, several small openings 
that had been made within the preceding few years. There were 
piles of light ash-colored marl at an elevation of about 40 feet, and 
the pits showed 7 or 8 feet of sand and gravel overlying 3 to 4 feet 
of light yellowish-green marl blotched with clayey pdlets. The pits 
were filled with water. 

The pits on the H. J. Budd estate, at locality 89, about 1| miles 
east of Vincentown, were visited by Dr. Ktlmmel in September, 1917. 
No marl had been dug there for 20 years, and there were no expo- 
sures, but according to John W. Rose, who used to dig marl there, 
the pits formorly showed 3 to 6 feet of stripping succeeded by 3 feet 
of gray marl (locally with ironstone) overlying 12 to 18 feet of black 
marl. The bottom of the marl was not reached. 

BVom the Ben Brown place, near Vincentown, W. C. Phalen col- 
lected a sample of marl from a previously dug pile and a check 
sample from a bed of greensand 5 or 6 feet thick. The first sample 
when analyzed in the laboratory of the United States Ge<Klogical 
Survey was found to contain 3.74 per cent of potash and the second 
sample 4.22 per cent.^ A third sample from the Henry Butterworth 
place, between Pemberton and Vincentown, contained 4.28 per cent 
of potash. This sample represented 5 feet of greensand, which was 
overlain by 10 to 15 feet of clay and gravel. 

UMSSARB. 

According to data on file at the State Survey, lime sand was dug 
on Rancocas Creek near Vincentown at locality 90. In the eurly 
eighties the following section was exposed: 

a Ashley, O. H., Notes on the greensand deposits of the United States: U. S. QeoL Survey Bull. 
660, pp. 39, 47, 1918. 
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Section of Vineeniown 8ani on RancocoM Creek, near Vmcentown (locaKiif 90). 

Ft. in. 

Brown sand and humus 6 

Yellow and white sand and marl 2-4 

Red sand 6 

lime sand, cemented in some places and full of E»diara 7-9 

Limestone 10 



24 



In the spring of 1919 interest in the lime sand at Vincentown was 
revived, and some of the material was reported as being dug for 
agricultural lime. 



BIBMINaHAM AKD PBICBB&TON. 



HOFFMAV PIT. 



William Hoffman owns a large pit at Birmingham Gocality 91), 
from which he makes occasional shipments. (See PL IX, B.) 
The following section was exposed in January, 1919: 

Section at WUUam Hoffman's marl pit, at Birmingham {locality 91), 

Ft. in. 

Sand with some pebbles 6 

Light-green clay locally at contact 1-2 

Marl, grayish, with some dark irregular masses including gray 

spots and specks 2-3 

Marl, black, grading irregularly into overlying layer 3 6 

Marl, black, dark greenish tint 1 6 

14 2 

Mr. Hoffman states that the marl about 14 feet below the top is 
green and that he stops digging at that depth on account of water. 
A sample representing an average of 10 feet of greensand from this 
pit, taken by W. C. Phalen in 1917 and analyzed in the Survey labo- 
ratory, contained 7.07 per cent of potash (KjO).** 

A well sunk for Mr. Harper at locality 92, a short distance south 
of the Hoffman pit, shows the thickness of the marl and the amount 
of overburden that may be expected. Its record follows: 

Becord of Harper well, about O.SS mile JV. 24"^ W. of Birmingham station {locality 9i). 
[Elevation, about 30 feet. S. J. Taylor, driller.] 



TMck- 
ness. 



Depth. 



Fonziation. 



Sand and gravel 

Ironstone, very hard 

light-gray to dark-green marl 

Hard sandstone formation (Indurated marif ) . . . 
Oyster and clam shells, " li^te,'' coral reef, etc . 

Shell , brown sand, white sand 

Brown clay 



Feet. 
15 

2 
33 
10 
10 
20 

5 



Feet. 
15 
17 
50 
60 
70 
90 
95 



Quaternary. 

Hornerstown and 

Navesink. 

\Mount Laurel and 
f Wenonah. 



« Ashley, O. H., op. dt., p. 47. 
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According to Mr. Taylor, the "lignite" of the above record is glau- 
conite. The total thickness of the marl beds as there shown is 53 
feet, and that of the overburden is 17 feet. The shell bed at the 
base of the Navesink, which lies at a depth of 60 feet in the well, is 
exposed in the bank of the creek above 12 feet of Mount Laurel sand 
at locality 93, about 1.2 miles north of Ewansville. 

PITS OF SrORCROSS dc EDKUirDS CO. 

About half a mile east of Birmingham station the Norcross & 
Edmimds Co. has operated a sand-washing plant for a number of 
years. The sand is taken from the company's property, which 
includes about half a square mile south of the creek and east of the 
station. So much sand has been removed that the overburden over 
much of that area has been greatly reduced. The property lies largely 
in the belt of Vincentown sand, but the creek has cut through into the 
marl about 0.2 mile east of the station, and near the western part of 
the property the Vincentown sand should not be very thick. 

Men and tools were kindly supplied by the company for exploration, 
and three attempts were made to reach the marl in the vicinity of 
localities 94 and 95, but each attempt was unsuccessful because of 
the gravelly nature of the overburden and the nearness of water to 
the surface. The marl was not reached at depths of 3 or 4 feet. 

In the southeastern part of the property two holes, Nos. 17 and 18, 
were sunk, respectively, at localities 96 and 97 in the Manasquan marl, 
and samples for analysis were taken. The character and potash 
content of the material are shown in the table below. 

Two attempts were made to sink a third hole by the creek at 
locaUty 98, but these were abandoned at depths of 3 or 4 feet because 
of the gravelly nature of the overburden and the abundance of water. 

Records of holes at sand pits of Norcross de Edmunds Co, 

Locality 96. hole 17. 

[About 0.75 mile southeast of Birmingham station and about 375 feet northwest of culvert in road to South 
Pemberton. Elevation oipreaent surface, about 50 feet. Analyst, £. T. Erickaon.) 



Thick- 



Depth. 



Field 

No. of 

sample. 



KjO. 



Formation. 



Gravel with pronounced iron-stained layers 

Olauoonite beds, thin alternating leafy layers of 

drab fine sandy clav and greenish glauconitic 

ckty; random sample. 
Olauoonite beds, dark grayish green, clayey, 

uniform texture, water bearing. 



Ft. in. 
3 
3 3 



9 8 



Ft. in. 
3 



15 11 



Percent 



M-llOa 
M-119 



3.63 
3.61 



Pleistocene. 
Manasquan. 

Do. 
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' 97. h«ltt 18. 
[AtxNit 330 feet north of hole 17. Elevatioii of suritee, about 50 feet. Analyst, E. T. ErickBon.) 





Thick- 
ness. 


Depth. 


Field. 
No. of 
sample. 


KiO. 


Formation. 


^mvel Rnd 8^nd 


Ft. in. 

8 

14 4 


Ft. in, 
8 
16 




Percent. 


Plflistocene. 


Glaooonite beds, thin alternating leafy layen of 
drab fine sandy day and greenish (paoconitic 
day. Baodom sample taken at depth of 9 feet 
considered representative of entire bed. 
Lower 6 to 8 inches a little darker and more 
eia3rey. 

Glauconite beds, davey, dark greenish gray 

Glaooonite beds, l^t greenish gra^ with 
grains of Umeandlumps of vivianite. Lamps 
are irregular in shape and rough in feel. The 
bed has modi clay and considerable glaooonite 
but appears quite limy with dark glauconite 
streaks. At base a hard layer that could not 
be penetrated with auger. Top of Vincen- 
town(?). Water stands in hole aboat 3 feet 
bdow surface. 


H-120 


8.27 


Do. 


2 10 
1 8 


17 10 
19 6 


M-121 
M-122 


175 
1.83 


Manasquan. 
Do. 



At locality 99, in the same general vicinity^ a hole 10 to 15 feet 
square and perhaps 10 feet deep, now filled with water, had been 
recently dug in the Vincentown sand. No greensand appeared on 
the dump, but incoherent lime sand with some pieces of cemented 
limestone formed the bulk of the pile. Bryozoa were very numerous. 
Portions of the material were strongly cemented with iron oxide, 
and much vivianite was scattered over the dimip in bluish radiating 
crystalline masses, in crusts, and in concretionary forms. Evidently 
the hole had missed the Manasquan marl and had not been dug deep 
enough to "strike the Homerstown. 

From the vicinity of this hole westward and northward to the rail- 
road the lime sand should be relatively near the surface and in suflEi- 
cient quantity to be a commercial source in the event of any exploita- 
tion of greensand marl in the district. No analyses of this material 
are available, but from its appearance in the dump near the hole and 
in d6bris along some of the ditches cut by the company it seems prob- 
able that this lime sand wiQ compare favorably in content of carbon- 
ate of lime with that from locality 83, near Reeves station, which is 
utilized by the R. S. Ryan Co. 

The Norcross & Edmxmds Co. also owns ground between Rancocas 
Creek and the road east of the tributary that enters the creek about 
0.6 mile southeast of South Pemberton station. Through the courtesy 
of the company a hole. No. 19, was sunk at locaUty 100, in the north- 
western part of this property. There are numerous old marl pits in 
the vicinity, and some recent pits with equipment for digging. A 
site was selected near one of the recent pits where most of the over- 
burden had been removed, and samples for analysis were collected, 
as shown in the following record. 
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Record of hoU 19, at loealitiy 100. 

rof Norcross & Edmunds Co. about 4,200 feet S. 65* E . from South Pemberton station, at grouj 
recent marl pits. Elevation of present surface, about 36 feet. Analyst, E. T. Erickson.] 





Thick- 


Depth. 


Field 
No. of 


K,0. 


Formation. 








sample. 








Ft. in. 


Ft. in. 




PereenL 




Soil and gravel at level of former working 

Glauconite beds, dark grayish green, somewhat 


1 
5 


1 
. 6 






Pleistocene, 


M-123 


4.29 


Manasquan. 


clayey, fine textured, rather mealy. 
Glauconite beds, lighter green, stiff, clayey; 
contain considerable quartz in fine grains, 


2 


8 


















greasy feel and appearance on smooth surface. 
Outuconite beds similar to last but with more 












3 10 


11 10 








quartz and somewhat mealy texture: irregu- 






M-124 


2L99 


Do. 


larstreaks oflighter and darker constituents . 












Glauconite beds, darker CTeen,larger percentage 
of glauconite due to larger rnunber of thin 
beds of fine-textured glauconite. 


6 


12 4 


















Glauconite beds, dark green, thin bedded, with 
numerous layers of fine glauconitic material; 


3 8 


16 


M-125 


4.61 


Do. 












at base a stiff green clay. 













The overburden at the hole was only 1 foot thick, but the top 
of the hole was about 3 feet below the level of the adjoining meadow 
to the northeast. The marl was not penetrated at the depth reached, 
16 feet. 

The analyses of the marl from holes 17 to 19 indicate that the 
portion of the Manasquan represented by them is distinctly inferior 
in potash content to the Homerstown and Navesink marls. Deter- 
minations of the water-soluble potash of the samples from these 
holes showed either none or a mere trace. 

Composite samples from these holes were tested for their content 
of lime (CaO) and of phosphoric acid (P2O5), with the results shown 
in the following table: 

Potash, Ume, and phosphate content of samples of Manasqtum marl from holes on property 
of Noreross & Edmunds Co,, near Birmingham and South Pemherton (localities 96, 
97, and 100). 

[Analyst, E. T. Erickson.] 



Field No. of sample. 


Thick, 
ness. 


Krf). 


Soluble K2O. 


CaO. 


P.06. 


M-119a... 


Ft. in. 
3 3 
14 4 
9 8 

2 10 
1 8 
5 

3 8 


Percent. 
3.63 
3.27 
3.61 
2.75 
1.83 
4.29 
4.61 


Percent. 
Trace 


Percent. 
1.53 

2.31 

3.86 


Percent, 


M-120 


None 


1.37 


H-119 


Faint trace 




j|_12l. 


None 


3.58 


M-122 


do 




M-123. - 


Trace 




M-U5 \.\ 


do 


2.44 









The lime and phosphate content of this marl, as indicated by the 
above analyses, is not high but is probably sufficient under favorable 
conditions to produce beneficial results in agriculture. The higher 
phosphate content of the middle group is probably du^ to the vivi- 
wite in sample 122. (See p. 87.) 
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OTHSBDATA. 

At North Pemberton a well sunk near the station for Peter Cos- 
grove's creamery furnishes the following record: 

Record of well at Peter Co90rove*» creamery, North Pemberton (locaHty 101), 
[Elvvatkm, about 35 feet. S. J. Taylor, dnller.] 



Thick- 



I>epth. 



Fonsation. 



Dag wen 

Dark-green marl 

Shells, very bard 

Coarse greensaDd and quartz 

Green marl/'Ugnite" (••glauconite) . 

Black micaceous clay 

Hard shells 



Coarse white quartz . 



Fefi. 
15 
65 
2 
6 
18 
20 
6 

10 



Fed. 



15 IManasquan and Vln- 



82 
88 

106 
126 
132 

142 



oentown(7). 

Homerstown and 
Naveslnkcr). 



/Mount Laurel and We* 
1 nonab. 



The 65 feet of green marl in the upper part of this well is rather 
hard to interpret. The Vincentown locally contains much greensand 
and at some places, as at hole 16 (locality 63), might be called a 
greensand marl. The lime-sand phase does not appear to have been 
recognized here and may be absent, in which event the Manasquan 
and Vincentown might together form the ''green marl." The two 
sheU beds give rather definitely the position of the combined Hor- 
nerstown and Navesink beds, and, allowing for the dip, the lower 
shell bed is at about the right depth to correspond with its position 
at localities 92 and 93. With this interpretation the combined 
Homerstown and Navesink marla would be 52 feet thick. 

At locality 102, near South Pemberton, are some old pits now 
ovei^rown. According to data on file at the State Survey, the^ 
following section was formerly exposed here: 

Section exposed in the early eighties at marl pits near South Pemberton {locality lOt). 

Feet. 

Humus and black sand 1 

Yellow Band and gravel 8 

Eeddiah-brownBand.... IJ 

White, black, and yellow sand and gravel . ... 1} 

Marl with scattered diark teeth 18 

At locality 103, about 2 miles northeast of Pemberton, are some 
marl pits from which Ivins Homer made small shipments in 1914. 
This locality was visited by Dr. Kummel in September, 1917, when 
he observed the following section: 

Section at pits of Ivins Homer, t miles northeast qf Pemberton {locality lOS), 

Feet. 

Stripping 3-4 

Gray marl 2-2} 

Green marl 10 

88626*»— 22 7 16} 
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The marl pits occupy 2 or 3 acres dug over in rows. A large 
area can be opened to the south without much increase in stripping. 
The bottom of the marl was not reached, but the green marl is 
said to be 18 feet thick. 

A sample of marl taken by W. C. Phalen from one of the piles 
was analyzed in the laboratory of the Geological Survey and found 
to contain 4.22 per cent of potash. A second sample taken from 
a bed where the greensand was 12 to 14 feet thick and the over- 
burden 8 to 10 feet thick contained 4.74 per cent of potash." 



Near Birmingham there are several places in proximity to the rail* 
road where Homerstown and Navesink marl of suitable quality can 
be obtained in commercial quantities without too much overburden. 
Lime sand is also accessible near the railroad between Birmingham 
and Pemberton. The Manasquan marl near Pemberton is apparently 
18 feet or more thick but so far as examined carries less potash 
than the Homerstown and Navesink marls. The presence of small 
amounts of lime and phosphoric acid (PjOg) probably explains its 
former popularity in agricultural use. The overburden is rather 
thick except along stream courses. 

The available data do not warrant the formulation of specific 
tonnage estimates for the potash content of the areas described. 

OTHBB ABEAS. 

Although no further boring was done than that described, well 
records and fairly recent data bearing on the thickness and con- 
tinuity of the marl are available for several other areas north- 
eastward into Monmouth Coxmty. These are given below. 

JOBSTOWir. 

The well of Barclay White at Jobstown, locality not stated, 
shows that the marl continues into that district in probable com- 
mercial quaUty and thickness. 

Record of well c/ Barclay White, Jobstown, 

[W. C. Barr, drffler.] 



Tbitk" 



Depth, 



FonoAtioiii. 



Du£well , 

Oreenmarl 

Black marl and shells 

Coarse gray or paper-colored sand, a few inches water 
bearing.. 

» Ashley, G. H., op. cit., pp. 39, 47. 



FeO. 
14 
10 
46 



Feet. 
14 
24 
70 



[Homei^'^(own and Na- 
• ▼eslnk].\ 
[Mount Lall^ and 
Wenonah.] \ 
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A railroad traverses the marl belt southeast of Jobstown and affords 
suitable transportation facilities. The overburden in the higher 
lands along the railroad is probably excessive, but along the stream 
courses more favorable sites for exploitation may be expected. 
For example, a site near the stream and railroad crossings below 
Juliustown (Ellis station) would probably give a maximum of marl 
with a minimum of overburden. The lime sand occurs at Juliustown 
but is not well exposed. 



In the vicinity of SykesvUle the Homerstown and Navesink 
marls become separated by the Redbank sand. A well sunk for 
the Newbold Black estate at locality 104(?), about 1 mile north of 
Sykesville, shows 16 feet of Navesink marl beneath 35 feet of gray 
sand. 

At locality 105, about halfway between Sykesville and Georgetown^ 
a well sunk for D. C. Kalback on timber land at an elevation of about 
135 feet penetrated the base of the Navesink marl at a depth of about 
81 feet. No specific record of this well is available, but material 
lying on the dump consisted chiefly of Navesink marl and Eedbank 
sand with apparently a very good representation of the Navesink. 

WBIOHTSTOWN. 

At locaUty 106, about 0.9 mile north of Wrightstown station, a well 
sunk for ElUs (Robert?) Crowshaw furnishes the followiag record: 

Record of well of Ellis Crowshaw near Wrightstown (locality 106). 
[Elevation, aboat 160 feet. S. J. Taylor, driller.] 



Thick- 



Depth. 



Formation. 



Very hard yellowish day and gravel 

Greenaand, **aomethiTig like Englishtown" 

Hard concrete formation, sandstone 

Very dark bluish marland shells 

lig^t-greensand, shelly marls 

Very dark greenish marl, shells 

B^ird gray sand, shells, hardpan containing BeUmrUtdlaf 
nndSrlaln by dry black micaceous clay; water. 



Feet. 



Feet, 
15 
20 
30 
50 
90 
110 
130 



i[Qnatemary and Ter- 
I tiary.]. 
[Vincentown?] 

I [H orn er s 1 w n and 
[ Navesink.] 

[Mount Laurel.] 



The overburden here is 30 feet thick, of which the 10 feet of ''hard 
concrete" may represent the limestone or lime-sand phase of the 
Vincentown. The marl appears to be 80 feet thick but may include 
beds assignable to the Redbank sand* The sand with BdemniteUa 
k undoubtedly Mount Laurel. 

On January 18, 1918, two wells were being drilled at an elevation 
of about 120 feet at locahty 107, on the bank of the creek about 
three-eighths of a mile northwest of the station at Wrightstown, 
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At that date one well was 130 feet deep and the other 320 feet. No 
definite record was kept, but Dr. Kununel's inquiries ehcited the 
foDowing data: 

Records of two wells ahovt 0.S8 mile N. 64^ W. of Wrightstovm station (locality 107), 



Thick- 



Depth. 



Soil, flood-plain deposits, etc 

Marl 

Shell bed, Exogyra, BdemniteUa 

Greenish quarts sand with more or less marl, 
other beds 



a. 


Fed, 


9 


9 


101 


110 


2 


112 


13 


126 


195 


320 



Dr. Kummel notes that the shell bed is undoubtedly the base of 
the Navesink marl. He thinks that part of what is reported as marl 
is Vincentown sand. The Kirkwood sand appears in the side slopes 
of the valley above the wells. From a contact of Navesink and 
Mount Laurel 3 miles away Dr. Kummel estimates the dip here at 
38 to 40 feet to the mile. 

JACOBSTOWir. 

At locality 108, along the road about 1.4 miles east of Jacobstown, 
the shell bed at the top of the Homerstown is exposed in the stream 
bed north of the road. A considerable acreage of comparatively 
even ground with probably moderate overburden and with practically 
the full thickness of the Homerstown marl is here available. 
Unfortunately the site is about 1^ miles from the nearest railroad 
shipping point, New Egypt. 

At locality 109, about 1.1 miles farther northeast, on the road and 
county line, the shell bed at the top of the Homerstown is exposed. 
Dr. Ktimmel notes that the overlying Vincentown sand is a gray, 
more or less marly sand, more strongly marly in its lower 10 or 12 feet 
than in higher beds. At a pit nearby he observed the following 
section : 

Section at pit near county line west of Crossvdcks Creek ^ Monmouth County, 

Feet. 

Vincentown sand 

Black greensand 6 

Greensand with yellowish pebbles 1 inch in diameter, not so much 

clayey as limy in appearance 6 

Greensand, very black and massive, base not exposed 6 

18 
NEW EOTPT. 

The following record of a well drilled for the water company at 
New Egypt '* shows a probable great thickness of marl but does not 
differentiate the greensand from the Vincentown, in which it begins. 

M New Jersey Geol. Survey Ann. Bept. for 1909, p. 8S. 
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Record ofweU o/vnUer company at New Egypt, 
[ElevatlOD, 7B feel; TMttet, driller.] 



98 





Thick- 
nees. 


Depth. 


Fonnatlon. 


Marl 


Fed, 
112 

S 
98 

ao 


Feet. 
112 

120 
218 
238 


Onncentowxi to Nave- 

sink.] 
UMoantLavireltoMar. 
/ shalltownri 

[Eofi^lahtown.] 


Sand 


Marl 







The base of the Navesink is probably at the depth of 112 feet. Its 
thickness combined with that of the Homerstown doubtless exceeds 50 
feet. 

About 1 mile south of New Egypt the Manasquan marl forms an 
irregular area in which a number of old marl pits are located. These 
are mostly inactive and overgrown, but at some of them marl has 
been dug as late as 1915, In October, 1913, Dr. TwitcheD** ob- 
served the following section at the Huggins pit: 



Section at Huggine marl pit, about li miles aouth of New Egypt. 



Feet. 



Sail, gray sandy, with a few pebbles 2 

Marl, olive green, apparently reworked, yellow spots and streaks. . . 4 
Marl, dark oUve green to greenish black, pale-yellow specks and 

concretions 4 



10 



Some marl was dug here in 1912-13. 
like fine light-gray ashes. 



The surface where dug looks 



HORHZRSTOWN. 

At locality 111, about 0.75 mile southwest of Homerstown, there 
is a large marl pit, formerly worked on an extensive scale and con* 
nected with the railroad by a spur track. This pit was visited in 
1917 by Dr. Kiimmel, from whose field notes the following observa- 
tions are taken: 

The old marl pit is now grown up with sizeable trees. The old switch is now torn 
up, but the graded cut is still available. The marl is fairly well shown on the sides. 
On the south side it lies within 1 or 2 feet of the surface and is covered with sand, 
with a line of pebbles at the base. If the marl extends to the bottom of the pit its 
thickness must be in excess of 20 feet. The excavation can be extended southward 
for several rods and northward an equal distance without increase of thickness of 
cover. East of the railroad is a broad field of 20 to 40 acres, or perhaps more, in whidi 
the marl probably lies very near the surface. This is one of the best pits. It is now 
owned by the Richard Miers estate. Some marl has been dug at Homerstown within 
recent years, but none has been sold. 

Along Crosswicks Creek and in some of its branches the marl is 
exposed here and there within 1 or 2 miles of Homerstown. At 

M Data on file at New Jersey Geological Survey. 
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locality 112, in a tributary opposite Lahaway Creek, the basal bed 
of the Navesink is exposed on both sides of the creek east of the 
road, and characteristic fossils, including Bdemnitella, may be 
found in it. 

A well sunk for Charles Higgins near and southwest of the rnill 
pond at Homerstown furnishes the following record, which is given 
both as reported and as here interpreted. 

Record of well of Charles Higgins, southwest of mill pond at Homerstown {locality 113). 
(Elevation, 20 feet (above pond?); F. R. Hope, driller.] 



As reported. 



As interpreted. 



Tbick- 
ness. 



Depth. 



Formation. 



Feet. 

Green marl at about 12 

Black marl at about 34 

Second stratum of iron or something tough to pene- 
trate at i 42 

Gray marl at 49 

Coarse sand at 73 



Feet, 



15 



Feet, 
12 
34 



Quaternary(?). 
Homerstown. 

RedbankC?). 

Naveaink(T). 
Mount Laurel(?). 



As above interpreted the well shows 22 feet of Homerstown marl 
beneath 12 feet of overburden. The base of the Navesink is probably 
at a depth of 73 feet. The zone between the Homerstown and 
Navesink, as exposed in the ravine at locality 114, is black, glau- 
conitic, and micaceous and might be called a black marl. 

CREAM BmGE AND DAVIS. 

A railroad traverses the Navesink marl between Cream Ridge and 
Davis and could supply transportation for marl or marl products, in 
case of any commercial development. A pit at locality 115, about 
0.45 mile east of Davis, shows the following section: 

Section at marl pit 0,45 mile east of Davis {locality 115), 

Feet 

Fine reddish and yellowish sand 6 

Black micaceous sand with some clay pellets and greensand ; scat- 
tered large shells {Gryphaea) 10-11 



17 



There is a distinct iron-bearing zone between the two beds of sand, 
forming a dark line on the weathered face of the pit. This is proba- 
bly the contact between the Redbank sand and the underlying Nave- 
sink marl, the base of which is not exposed. 



MABLBOBO. 



The Navesink marl was dug in large quantities many years ago at 
Marlboro and Hobndel and alojag branches of Hop Brook east of 
Marlboro. There are some very large pits in this vicinity, but most 
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of them are now inactive and more or less overgrown. From time to 
time small amomits of marl are dug for local use. 

The United States Department of Agriculture has recently arranged 
for a shipment of three carloads of greensand marl from Marlboro to 
Florence, S. C, for experimental use on lands deficient in potash. 
(See pp. 113-115.) 

The following rather recent analjrses of Navesink marl from the 
vicinity of Marlboro give a good idea of the phosphoric acid and 
potash content of what may perhaps be called random or run of mine 
samples: 

Analyses of samples of Navesink marl from Marlboro and vicinity,^ 

[Collected by C. C. Engle, representing the New Jersey Geological Smrey.] 



Na 



LocBtion. 



PiO» 



XlsO 



PltofMr.Stryker, Marlboro 

do 

do ; 

Pit of Charles M. Wyckofl , Marlboro. . . 

do 

Pit of Joseph Hdmes, Holmdel 

Pit of Mr. Myers, Marlboro 

Pit of David I. Van Deveer, Marlboro. 

Pit of D. H. Taylor, Bradevelt 

do 



Per cefU, 


Per cent. 


0.82 


5.05 


Lao 


5.44 


1.05 


6.70 


LIO 


0.50 


.94 


0.28 


.78 


6.05 


L21 


4.24 


.64 


5.05 


.90 


4.64 


.30 


6.16 



.907 



5.512 



a Blair, A. W., The agriccdturalyalue of greensand marl: New Jersey Agr. Exper. Sta. Clrc. 61, p. 12, 1916. 

At the John Van Kirk place, at Marlboro, where 10 feet of green- 
sand containing shells is overlain by 3 to 6 feet of gravel, W. C. Phalen 
collected a sample which was analyzed at the laboratory of the 
United States Geological Survey and found to contain 4.45 per cent 
of potash.^* 

The average potash content of the Navesink marl dug near Marl- 
boro, if judged by the analyses in the above table, is 1.09 per cent 
lower than the average obtained from the borings at holes 1 to 16, as 
described above. (See also p. 104.) The phosphoric acid content of 
nearly 1 per cent would give the marl additional agricultural value. 

Marlboro and Bradevelt are on the railroad, and the country in 
their vicinity is sufficiently level to permit exploitation of considerable 
areas. The Marlboro district is thus the most favorably situated of 
the Navesink localities for commercial development. 

FBESEOXiD. 

The Homerstown marl comes to the surface over extensive areas 
in the vicinity of Freehold. Marl was formerly dug here but on a 
less extensive scale than at Marlboro, and there has been little recent 
digging. Recent analyses, showing the phosphoric acid and potash 

M Ashley, G. H., Notes on the greensand deposits of the United States: U. B. Oeol. Sorrey BuU. 660, 
pp. 39, 47. 
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content of random or run of mine samples from Freehold, axe given 
in the following table: 

Analyses ofwmpleB ofHomergtown marl from pit of J. W. Dobbins , Freehold fi 
[CoUeoted by C. C. Engle, representing the New Jersey Geological Survey.] 



Na 


Pt06. 


KtO. 


18 


Percent. 

0.81 

L40 

.67 


Percent. 
6.05 


19 


5.04 


20 - 


5.12 




Average 








.96 


5.40 











o Blair, A. W., op. cit. 

The average phosphoric acid content of the three samples from 
Freehold is slightly higher than that of the, ten samples from Marl- 
boro, but the potash content is a little lower. These differences 
might disappear if a larger number of analyses were available. 

Freehold, because of its railroad f acihties, is one of the most favor- 
able localities in Monmouth County for the commercial development 
of the Homerstown marl. 

EATOlTTOWir. 

At Eatontown and about 3 miles to the east, at Branchport, the 
Homerstown marl is crossed by railroads, and at Branchport it is on 
tidewater at Pleasure Bay, which cuts diagonally across the marl bed. 
Parker Creek, a branch of Shrewsbury River, also tidewater, lies 
along the northwest border of the Homerstown bed. 

At locality 116, about 0.3 mile north of Eatontown, according to 
field notes of Dr. K^mmel, the Homerstown marl beneath a thin cap 
of gravel reaches an elevation of 25 to 28 feet in the road cut at the 
top of the hill and extends down 10 feet, to the level of the flood plain 
of the creek to the north, or even lower. Thus the maximum thick- 
ness of the marl near Eatontown is probably as much as 20 feet and 
may be more. 

At locality 117, half a mile south of Shrewsbiuy, the road cut, 
according to Dr. KiimmeVs notes, shows 6 to 7 feet of marl from 25 
to 32 feet above sea level. The marl passes downward into a more or 
less indurated marly sand (Tinton) revealed only by boring. Thus 
the marl outcrop should be extended somewhat farther north than 
is shown on the map. The slope of the surface southward to the 
creek corresponds very closely with the dip of the marl bed. 

The Eastern Potash Corporation has acquired of Charles McCue 
the Crystal Brook farm, about 75 acres, including land between the 
road and the railroad and on both sides of the brook half a mile north 
of Eatontown. It also has provisional options on land farther east. 
The following analyses of samples collected from these properties 
have been kindly supplied by Mr. T. C. Meadows, manager of the 
corporation: 
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Analynea ofsampUa of greenMondfrom vicinity of Eatontown. 
[Analyste, StIhreU A Gladding, New York.) 



No. 



Total 
potash 
(KiO). 



217490 
217489 
218045 



Sample from military pig pen from Monmouth Park, received from the American Pot- 
ash Corporation aJulv 30, 1918 

Greensand "from top ofknoll beside nursery," received from the American Potash Cor- 
poration July Sa 1918 

Greensand msuiced " No. 7— 6| overburden, 14 feet blue and green marl," received from 
the American Potash Corporation, Aug. 15, 1918. On sample dried at 212<> F 



Per cent. 
8.75 



&68 
8.19 



The Eastern Potash Corporation has taken over the ri^ts and patents of the American Potash Corpora- 
tion, in so fto as they relate to potash extraction from greensand. 

In view of the results obtained from samples already cited in other 
parts of the marl belt these results seem high. 

A sample of fresh marl^ collected at a depth of 1 foot at locality 118, 
on the property of the Eastern Potash Corporation, was analyzed at 
the laboratory of the United States Geological Survey. It contained 
7.09 per cent of potash (total KjO), including a trace of soluble pot- 
ash. This analysis, which may serve as a check upon the others, 
shows that the Homerstown marl at Eatontown compares favorably 
with the better-grade marls elsewhere in the marl belt, but it shows 
also that the Eatontown material is perhaps not so conspicuously 
high in total potash as the analyses in the table would indicate. 

According to field notes of Dr. Kummel, the thickness of the 
Homerstown marl at Crawford Hill QocaUty 119), about Si miles 
northwest of Eatontown is about 25 feet. 

FABMmODALE. 

The Manasquan marl was formerly dug in considerable quantity in 
the vicinity of Farmingdale, in Monmouth County, and enjoyed a 
high reputation as an agricultural marl. The pit nearly half a nule 
northeast of the town (locality 120), now owned by D. Mahoney, is 
doubtless the lai^est. It has long been inactive and largely filled 
with water. (See PL IX, (7.) The following section was measured by 
Dr. Kummel *^^ at the north end of the pit: 

Section at D . Mahoney* s marl pit, Farmingdale. 

Feet. 

Pleistocene gravel 6 

Laminated clay with very thin seams of sand, the laminae of sand 
more numerous and thicker in upper portion; the upper part of 
the exposure weathered to a yellow color; the lower 8 feet nearly 
black or very dark chocolate-colored; no glauconite. Kirkwood 
^(Miocene) 12 

Greensand marl composed of glauconite and very fine quartz sand; 
when wet material is plastic and coherent; only upper portion 
shown 2-3 

21 

w Klimmel, H. B., field notes on file at New Jersey Department of Conservation and Development. 
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The overburden at the north side of the pit is now 18 feet or more. 
It probably increases in that direction, but toward the northwest, 
southwest, and south probably considerable extensions of the pit could 
be made without finding much increase of overbm^den. 

The Squankum pits, about 3 nules south of Farmingdale, which 
formerly produced much marl, are now flooded. 

At the pits of James H. Johnson, about three-quarters of a mile 
southwest of Farmingdale (locality 121), Dr. Twitchell ** in 1912 ob- 
served the following section: 

Section at marl pits of J. H. JohnsoUy near Farmingdale. 

Feet. 

Gray sandy soil 1 

Yellow sand 1 

Yellow sand and abundant gravel 1 

Chocolate-colored day, laminated 2-3 

light bluish green to olive-green marl 1 

7 

The marl is light greenish gray when dry, piles of it resembling 
piles of ashes. In 1884 N. L. Britton visited these pits and noted the 
following section : ^* 

Britton^ 8 section at Johnson marl pits in 1884. 

Feet. 

Brown sand and humus 2 

Yellow drift 3 

Marl 15-17 

22 
The excavations are in the ash and blue marl layers of the upper 
marl bed. 

Small thicknesses of marl are exposed along the water's edge at 
several places along the river in the vicinity of the Johnson pits. 

Several relatively recent analyses of marl samples from Farmingdale 
show something of the phosphoric acid and potash content of the 
Manasquan marl in that vicinity. 

Analyses of samples of marl from Farmingdale O' 
[Collected by C. C. Engle, representing the New Jersey Geological Survey.] 



No. 



Locality. 



P*06 



KK) 



Pit of P. S. Perry, Farmingdale 

Pit of J. H. Johnson, Farmingdale. , 



.do., 
.do. 



Pitt formerly owned by Joseph L. Butcher, Farmingdale 

Pit of Hugh Hurley, Farmingdale 

Pit of Squankum Marl Co., Farmingdale, now owned by Daniel Mahoney. 



Per cent. 

1.12 

1.32 
.70 

1.81 
.17 
.68 

2.31 



Per cent. 
2.76 
3.40 
2.13 
3.72 
1.85 
1.94 
4.24 



Average. 



1.16 



2.86 



a Blair, A. W., The agricultural value of greensand marl: New Jersey Agr. Exper. Sta. Circ. 61, p. 
12, 1916. 

*» Twitchell, M. W., field notes on file at New Jersey Department of Conservation and Development. 
w Twitchell, M. W., idem. 
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A sample collected by W. C. Phalen from Daniel Mahoney's prop- 
erty was analyzed in the laboratory of the United States Geological 
Survey and fotmd to contain 3.64 per cent of potash.** 

The thicknesses represented by these samples are unknown, but in 
so far as the samples are representative of the Manasquan marl they 
show a lower potash content than that of either the Navesink or the 
Homerstown and thus confirm the similar findings at holes 17 to 19, 
localities 96, 97, and 100, near Pemberton. The phosphoric acid con- 
tent of the Manasquan marl, as judged by these samples, is noteworthy 
and is probably a considerable factor in its former agricultural 
popularity. 

Tlie Shark River marl (Eocene) is also exposed near Farmingdale 
at locality 122, along Manasquan River about 1 mile below the 
Johnson 4)its, above described. In 1912 Dr. Twitchell ** measured 
the following section at this place: 

Geologic section on Manasquan River about 1 mile south of station at Farmingdale. 

Feet. 

Yellow sand and gravel 4-6 

Chocolate-colored clay, more or less weathered, with some thin 

sand seams at base 3-4 

Marl, mottled and indurated 1-f 

Marl, mottled bluish green, with considerable glauconite and drab 

clay specks and streaks 6 

Water's edge. 

17 

The marl is fossiliferous close to and in the indurated portion. 
A similar exposure with less marl occurs at locality 123, about 0.1 
nule farther up the river. 

POPLA& AKD ELBZ&Oir. 

Along the creek about 0.75 mile south of Poplar, in Monmouth 
County, the old marl pits at locality 124 and vicinity are much 
overgrown, but on the north side of the creek the upper part of the 
Manasquan marl is exposed with the base of the Kirkwood. Dr. 
Kummel visited this locality in 1917 but found no fresh openings. 

At locality 125, about 0.8 mile southwest of the station at Elberon, 
in Moimiouth County, Dr. Twitchell foimd, in 1912, an exposure of 
Shark River marl in a gully near the bam of the Deal Golf and 
Coimtry dub. Beneath 4 feet of yellow sand and gravel he found 
8 feet of fairly uniform mottled grayish-green marl with clay specks. 
There were old marl pits in the vicinity. 

The main body of Shark River marl lies about 0.6 mile south of 
Elberon and occupies an area about 1^ miles long at the coast and 

40 Ashley, Q. H., op. crt.,pp.d9, 47. 

*^ Twitchell, M. W., field notes on file at New Jersey Department of Comaerystion and Development. 
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stretches back 1 to 2 miles from the shore. This area is now largely 
a residential district with pleasure grounds. 

Two wells drilled at South Elberon near the railroad and about 
half a mile north of the Deal Beach station furnish the following com- 
bined record, which is slightly modified from Kummel's account.^ 

Combined record of two wells at Sovih Elberon (locality 126). 



Thick- 
ness. 


Depth. 


Feet. 


Feet. 


12 


12* 


78 


90 


40 


130 


70 


200 


100 


300 


69 


359 


19 


378 


31 


. 409 


35 


444 


21 


4ft5 


7 


472 


33 


505 



Formation. 



Sand and gravel 

Oieensand marl 

Quartz sand with some marl grains 

Quartz and lime sand with somellmerock and numerous 

shells 

Greensandmarl 

Red sand, becoming black sand at base 

Clay 

Sand 

Clay 

Sand 

More clayey sand 

Sand 



Cape May (Pleisto- 
cene). 



Vincent 

Da 
(Homerstown?) 

Redbarik (T). 
Navestak (?). 
Wenonah (T). 
Marshalltown (7). 
(Enciiahtownr) 

Do. 



The Manasquan marl is unusually thick (78 feet) and has an 
overburden of 12 feet. The lime sand also is well developed but 
deeply buried. The top of the Homerstown lies at a depth of 200 
feet and is 100 feet thick. There is some xmcertainty about the 
correlation of the beds in the lower part of the section. 

ASBT7SY PARK. 

• The records of several wells at Asbury Park have been studied 
by Woolman ** and compiled into a single record, which, in simpler 
form, is presented below: 

Record of well at Asbury Park, 
[Elevation, 10 feet. Uriah White, driller.] 



Thick- 
ness. 



Depth. 



Formation. 



Surikoesoil 

Brownish clay, called rotten stone 

Li^t-colored day; resembles "ash marl" below 

Greensand ; " blue marl " of Prof. Cook 

WWtiah day with Foraminifera; "ash marl" 

Clay containing considerable greensand 

Oreensand 

Clay with considerable greensand 

Whitish day with thinlayer of bryozoan lime sand 

Greensand with Terebratula Bud Oryphaea 

Black sand with a little water that overflows 

Greensand with some day on top and Oryphaea, Exogyra, 

and BelemnUeUa tkt the hottam 

Gray sand with water 

other strata induding a water-bearing stratum at 1,083 feet, 
which is the one utilized 



Feet. 



801 



Feet. 

16 

80 

83 

100 

140 

160 

180 

200 

240 

280 

287 

380 

430 



1,321 



Recent. 
[Kirkwood?! 

}[Shark RiverTJ 

{Manasquan.] 

rVincentown.] 
THomerstown.] 
Redb ^ 



[NavesLok.] 
[Mount Laurd and 
Wenonah.) 



« KQmmel, H. B., New Jersey Oed. Survey Ann. Rept. for 1904, p. 209, 1905. 
« Wodman, Lewis, New Jersey GeoL Survey Ann. Rept. for 1885, pp. 72-73, 1896 
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Here the Homerstown marl is 40 feet thick and lies 240 feet below 
the surface. The Navesink marl is reported as 93 feet thick. The 
Vincentown contains only a thin layer of lime sand. The greensand 
member of the Manasquan is 20 feet thick, though the formation as a 
whole is 100 feet thick. 

OCEASr OBOVB. 

A well at Ocean Grove shows the marl beds at somewhat greater 
depths and with more variations in thickness. The following record 
is simplified from that of Woolman.** 

Record of well at Ocean Grove. 
[Elevatlan, 20 feet. Uriah White, driller.] 



Thick- 



Depth. 



Formation. 



Surface sands , 

Brownish clay, called rotten stone 

Light-colored clay , resembling " ash marl " below , 

Pure greensand 

Vrnmh clay with coccoliths and Foraminifera, the "ash 

marl" of Prof. Cook. 
Darker day, much mixed with greensand; greensand layer 

at 172 to ld3 feet. 

Hard dav with greensand grains through it , 

Clay wim much greensand. Bryosoa, echinoid spines, For- 

aminifera at 261 to 264 feet. 

Grayish greensand, with FOraminif era 

Greensand with comminuted shell at bottom 

Greensand; shell at 362 feet 

Gray sand; comminuted shell 

Other strata; water from layer at bottom 



Fed. 
20 
65 
30 
8 
47 

48 

10 
37 

20 
16 
81 
76 
677 



Feet. 
20 
75 
105 
113 
160 

208 

227 
264 

284 
300 
381 
457 
1,134 



Recent. 
[Kirkwood?] 

[Shark River?] 



[Manasquan.] 
[Vincentown.] 



[Homerstown.] 

Redbank. 

[Navesink.] 

llMount Laurel and 
/ Wenonah.] 



Here the top of the Homerstown is at a depth of 264 feet. The 
Homerstown and Navesink together represent a thickness of 101 
feet but are separated by a greensand layer, presumably less glauco- 
nitiC; 16 feet thick. 



SBA OZBT. 



The New Jersey coast cuts obUquely across the strike of the Coastal 
Plain strata in this part of the State, so that a well at Sea Girt, which 
is 6 or 7 miles nearly south of Asbury Park, strikes the marl beds 
farther down their dip than wells at either Asbury Park or Ocean 
Grove. A well at the Beach House furnishes the following record, 
which is simplified from Woolman's account.*' 

M Woolman, Lewis, op. cit., p. 74. 
<>Ide)n, p. 76. 
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Record ofweU at Beach House, Sea Girt, 
[BlevBtton, 11 feet. Uriah White, driUer.] 



Thick- 
ness. 


Depth. 


Feet. 


Fut. 


10 


10 


2 


12 


13 


25 


25 


50 


10 


60 


6 


66 


4 


70 


9 


79 


47 


126 


109 


235 


25 


260 


15 


275 


70 


345 


15 


360 


40 


400 


50 


450 


39 


489 


81 


570 


50 


620 


135 


755 



Formation. 



Beach or dune sand 

Yellowish clay 

Yellow sand and gravel 

Solid blue sandy clay 

Solid blue day, with streaks of sand and wood 

Fine white sand 

Hard rock 

Sand and shell 

White sand 

Brownish clay, with streaks of sand; ligniteat 126 to 146 feet . 

Id^t-colored greenish day much like ash marl below 

Black sand marl, glauoomtlc; blue marl of Cook 

Idght-green marl, contains Foraminileia at 285 to 306 feet; 
bard blue stones; ash marl of Cook. 

Black sand marl, glauconitic; green marl of Cook 

Light greenish-eray clays 

Gray marl; equivalent to Ume sand 

Black marl; equivalent to middle marl bed and red sand 

Sandy marl 

Sand, water bearing 

Other strata 



Recent. 



Post-Pliocene or Plio- 
cene. 

[Kirkwood-l 
Vshark River?] 

pianasquan.] 

rvincentown?] 
[Homerstown and Red 

bank?] 
[Navesink.] 

}[Moimt Laurel and 
Wenonah.] 



Here the top of the Homerstown is apparently 450 feet below the 
surface. 

UUQBWOOD. 

Prom specimens and information regarding two wells at Lakewood 

Woolman ** compiled a record which is presented below in simpler 

form. 

Record of two wells at Lakewood, 

[Elevation, 50 feet; depths, 475 and 612 feet. Uriah White, driller.) 



Depth of 
samples. 



Formation. 



Yellowish sand 

Brownish sandy clay 

Brownish sandy clay 

Brownish sand, medium coarse 

Brownish coarsesandy clay 

Sand; considerable (number of] greensand grains 

Light-colored clay 

Light-colored clay - 1 

Light-colored sandstone, some greoisand, slightly I 
calcareous. >ashmarl 

Light-colored clay, with some sand 

Sandy day, darker J 

Oreeusand 

Qreensand — 

Clay, darker than at 170 feet, etc 

Greensand 

Greensand, with Terebratula, etc 

Greensand 

Yellowish-gray sand 

Yellowish-gray sand 

other strata not represented by samples 



Beacon HiU (?). 



Eirkwood.] 



[Shark River?) 
[Manasquan.] 



|[Vincentown7) 

>[Homerstown andNavesink.) 
UMount Laurel and Weno- 



/ nah.) 



In view of the great thickness of the Vincentown reported in the 
log of the well at Atlantic City, it seems probable that some of the 

« Wodman, Lewis, New Jersey Geol. Survey Ann. Rept. for 1896, p. 148, 1897. 
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greensand referred above to the Manasquan, which here seems unduly- 
thick, should be ascribed to the Vincentown. The top of the Homers- 
town is here at a depth of 370 feet. 

ATZiAS'TIO OITT. 

A deep well at Atlantic City shows the depth of the marl beds at 
the easternmost limit of the Coastal Plain, at a point about 45 miles 
from the outcrop in the direction of the dip. The well was drilled 
about 1,000 feet out on Yoimg's ocean pier at the foot of Tennessee 
Avenue. The record as compiled by Woolman *^ is presented below 
in simpler form. 

Record of well at Young^s Pier, Atlantic City, 
[ElevaU<Hiofpior,aOfeet. Uriah White, driUor.J 



Thick- 



Depth. 



Age or fonnatiaii. 



Floor of pier to mean tide levd 

(Mean tide level to bottom of water) 

Sands, clays, etc 

Sands, days, diatom beds, gravel, greensand, etc., including 

at 780-860 feet the Atlantic City 800-foot water horizon. 

GreeDsandmarl 

Verv hard, tough lieht and dark slate or ash-oolored clays 

with cooooUths and Foraminifera. 
YeQowish calcareous rock, soft or hard; two-thirds consists 

of nearly equa 1 mixture of greensand and quartz; the 

other third is carbonate of lime, the cementing material; 

oontams Foraminifera. 

Glauoonitic greensand marl 

day mixed with a little greensand 

Indurated ash-«olored clay, "hard almost as rock'' 

Glaaoonitic greensand marl similar to that at 1,900 to 1,940 

feet. 
Black or dark micaceous sandy days 



Feet. 
20 

237 
943± 

25 

200 

460 



40 
70 
60 
80 

156 



Feet. 

20 

35 

272 

1,215 

1,240 
1,440 

1,900 



1,940 
2,010 
2,070 
2,150 

2,306 



Post-Miocene. 
Tentatively Miocene. 

[Shark River?! 

[Probably Manas- 
quan.] 

[Probably Vfaicen- 
town-l 



„Probably Homers- 
1 town and Navesink.] 

[Mount Laurel and 
Wenanah7] 



The top of the Homerstown marl is here apparently at a depth of 
1,900 feet. Two beds of greensand, 40 and 80 feet thick, are sepa- 
rated by 130 feet of clay. The thickness of the overlying Vincentown 
sand, 460 feet, is the maximum recorded thickness for that formation, 
which is not, however, so calcareous here as in Salem and Burling- 
ton counties. 

SUHHABY OF FIELD BATA AND ESTIMATES. 

At Sewell three greensand beds of commercial quality and thick- 
ness have been recognized, which with some variations are generally 
distinguishable throughout the region where borings were made. 
These are gray "or bank marl, green marl, and chocolate marl. The 
following table gives the range in thickness and quality of these 
three beds at the five localities explored. 

o Woobnan, Lewis, New Jersey Oed. Survey Ann. Kept for 1901, pp. 110-lU, 1902. 
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Thickness and potash content of commercial beds of preensand at five localities in Salem, 
Gloucester , Cawden^ and Burlington counties. 





Gray marl. 


Green marl. 


Chocolate marl. 


LocaUty. 


Thick- 
ness. 


IIsO. 


Thick- 
ness. 


K2O. 


Thick- 
ness. 


K2O. 


Salem 


Ft. in. 
12 4 

12 

8 4 


Percent. 
6.19 
6.12 
6.09 


Ft. in. 
9 

11 7 
10 10 

9 1 

12 11 


Percent. 
7.19 
7.58 
7.52 
7.35 
7.26 


Ft. in. 
02 
8 9 
15 5 
18 
28 2 


Per cent, 
07.2a 


Woodstown 


6.69 


Sewell 


5.99 


R<ymArdale 


6.32 


Klmwood Road 


9 7 


6.01 


6.32 








10 7 fr6.11 


10 8 


6 7.39 


14 6 


6 6.29 



o Not characteristic chocolate marl; mav belong with overlying bed. 

b Average weighted according to the tlucknesses of the beds at their resx)ective localities. 

The middle bed or green marl is distinctly richer in potash than 
the other beds, but probably all contain sufficient potash to be 
considered workable by any process that could utilize the richest bed. 

The following table gives a summary for the five districts enumer- 
ated of the data regarding the thickness of the marl as a whole and 
of the amount and value of the contained potash : 

Summary of thickness of the Homerstown and Navesinh marls and of estim/ites of amount 
and value of the contained potash for five districts ranging northeastward from Salem, 
County, into Burlington County. 





1 


2 


3 


4 


5 


6 


7 


8 


District. 


Num- 
ber of 

holes 

(in 
eludes 

wells 
cited). 


Aver- 

t^k- 
ness. 


Num- 
ber of 
Survey 
borings. 


Aver- 

tWck- 
nessat 
Survey 
borings. 


Aver- 

content 
ofKsO. 


Esti- 
mated 
content 
of pot- 
ash per 
acre in 
2.5-acre 

tract. 


Value of potash 
per ton of 
greensand.o 


Value of potash 

per acre of 

ground.* 




AtS2.50 
per 
unit. 


AtS1.50 
per 
unit. 


At $2.50 
per 
unit. 


At $1.50 
per 
unit. 


Salem 

Woodstown 

Sewell 


9 
12 

44 
11 
20 


Feet. 
30 
37 
38 

41 
49 


2 
3 
3 
3 
2 


Feet. 
20 
32 
34 
26 
50 


Per 
cent. 
6.62 
6.80 
6.50 
6.66 
6.50 


Tons. 
3,800 
6,300 
6,400 
5.200 
9,400 


$13.24 
13.60 
13.00 
13.32 
13.00 


$7.94 
8.16 
7.80 
7.99 
7.80 


$760,000 
1,260,000 
1,280,000 
1,040,000 
1,880,000 


$456,000 
756,000 
768,000 


Somerdale 

Marlton . . . 


624,000 
1,128,000 






Total or 
average. 


96 


40 


13 


32 


6.60 


6,790 


13.23 


7.94 


1,353,600 


812,100 



a The values given m columns 7 and 8 have no relation to the present value of the land, for they are de- 
pendent upon the successful extraction of the potash by processes of which the success and the cost of 
installation and operation have not yet been commercially demonstrated. 

In column 1 of the above table are included all wells and borings 
from which measurements were obtained in these five districts. 
Of the 44 listed under Sewell, 25, made by the West Jersey Marl 
& Transportation Co. (see p. 51) stopped at the chocolate marl. 
The record of these holes was supplemented by adding to the average 
thickness of the bank and green marls the average thickness of the 
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chbcolate marl as determined at holes 8 to 10. The resulting average 
compares very well with the averages for the adjacent districts. 

In colmnn 2 the final average is weighted according to the number 
of holes and the average thicknees at the respective localities. 

In column 3 only Survey borings which entered the Homerstown 
and Navesink marls are included. 

In column 4 the final average is weighted according to the number 
of holes and the average thickness at the respective localities. 

In columns 5 and 6 the final averages are weighted according to 
the average thickness and potash content of the marl at the respec- 
tive localities. 

In column 7 the final averages are not weighted. 

In column 8 the final avwages are weighted according to the esti- 
mated tonnage per acre at the respective localities. 

In the region from Medford to Birmingham and Pemberton seven 
wellsy which show an average thickness of about 45 feet for the com- 
bined Homerstown and Navesink marls, indicate the northeastward 
continuation of the marl in commercial thickness beyond the region 
explored by Survey borings. 

At Jobstown 56 feet of marl probably referable to the Homerstown 
and Navesink is reported. The records of three wells at Wrights- 
town and New Egypt show great thicknesses of marl, parts of which 
are probably referable to the Manasquan or Vincentown. They 
suggest, however, the northeastward continuation of a great body 
of the Navesink and Homerstown marls. 

Northeast of Sykesville the two beds are separated by the Redbank 
sand. At Homerstown a well penetrated 22 feet of green marl and 
24 feet of gray marl, probably assignable respectively to the Homers- 
town and Navesink. Between these beds lies 15 feet of more or 
less marly material thought to represent the Redbank. Near 
Eatontown and at Crawford Hill (locality 119) measurements by 
Dr. Ktimmel indicate a thickness of 20 to 25 feet of Homerstown 
marl. Thus it appears that in the region where the Homerstown 
and Navesink marls are distinct they tend to maintain thicknesses 
which if combined would equal or exceed their combined thickness 
southwest of Sykesville. Each of these beds is present in commercial 
thickness in Monmouth County. 

In Monmouth County the Cream Ridge and Marlboro districts 
probably aJQford the most favorable conditions for commercial develop- 
ment of the Navesink marl, and the Homerstown, Freehold, and 
Eatontown districts are probably best for the exploitation of the 
Homerstown marl. 

Comparatively few analyses and no complete measurements of 
thickness of the Manasquan marl are available, but the data at 
88625*»— 22 8 
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hand for localities where it is accessible sugg^t that the more glau- 
conitic portions of the marl are thinner and contaia from 2 to 4 per 
cent less potash than the averages for the combined Navesink and 
Homerstown given in the above table. It is thus probably unsnited 
for the commercial extraction of potash; but there is no apparent 
reason why it might not again find favor for direct application as a 
fertilizer to soils deficient in pota^sh or phosphoric acid. 

GENERAIi ESTIMATES FOR ENTIRE MARIi BELT. 

Washington ^ estimates that the greensand beds in New Jersey 
contain 2,034,000,000 metric tons, equivalent to about 2,243,114,000 
short tons of potash. This estimate is based on the assumption of a 
bed of greensand 6 meters (about 20 feet) thick, containing 6 per 
cent of potash (Bl,0), and occupying a belt 160 kilometers (99.4 
miles) long and 16 kilometers (^.9 miles) wide. These assumptions 
appear to be fully justified, except, perhaps, that for the width of the 
belt. The marl doubtless underlies all that portion of the State 
southeast of the line of its outcrop and contains potash throughout 
its breadth, a much wider area than the 16-kilometer strip. Most 
of the deposit, however, is inaccessible because of the overburden, 
which, on account of the geologic structure, increases toward the 
southeast. In Monmouth County, as previously shown, the part of 
the marl accessible by open-pit mining occupies an area 10 miles or 
more wide, though much of this area is also underlain by the Redbank 
sand. Farther southwest the similarly accessible portion of the belt 
is much narrower. 

In Monmouth County the Navesink and Homerstown marls are 
distinct, but for purposes of computation they may be considered 
together as if occupying a single belt, as they do farther southwest. 

The average of 25 measurements, at intervals of 4 miles, across 
the marl belt as mapped is 2.1 miles. From the table on page 104, 
an average thickness of 40 feet may be assumed for the combined beds 
and a potash content of 6.6 per cent. The accessible portion of 
the greensand mass may thus be considered as a triangular prism 
100 miles long, 2.1 miles wide, and 40 feet thick along its southeast 
border but weeding out along its northwest border. The total potash 
content of such a prism would be approximately 513,905,000 short 
tons. Of this quantity part has been removed by stream erosion 
and part is doubtless so deeply covered by Quaternary deposits that 
it may not be considered accessible. Thus if one-half is deducted, 
there remains about 256,953,000 short tons of potash that could be 
mined by open pits. This figure is probably conservative. 

48 Washington, H. S., Italian leudte lavas as a source of potash: Met. and Chem. Eng., vol, 18, p. 71, 1918. 
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The average annual importation of potash (E3O) for the five years 
immediately preceding the war, including 1914, was 257,143 short 
tons. At this rate the New Jersey greensand deposit would furnish 
enough potash to supply the needs of the United States for nearly 
1,000 years, if only the matmal obtainable by open-pit methods 
were used. 

Should it ever become practicable to use undergroimd methods 
of mining the available quantity of potash would be enormously 
increased. Wells southeast of the marl belt and along the shore 
indicate a thickening of the greensand belts in the direction of the 
dip. There are, however, no data about the maintenance or change 
of quality in that direction. The maximum recorded depth of the 
top of the Homerstown appears to be 1,900 feet in the well at 
Atlantic City. 

StTMMART FOR IiIME SAND. 

The lime sand in probable commercial thickness is exposed or has 
been recognized in wells as far north as Wrightstown. Northeast- 
ward from this place the Vincentown sand becomes predominantly 
quartzose. The lime sand is reported as 25 feet thick in Salem 
County, but at the well of the Salem Water Co*, at Quinton, it is 108 
feet ttdck, and at Atlantic City 460 feet thick. In the well of WiUiam 
J. Irick, near Vincentown, it is 31 feet thick, and at Woodstown it is 
10 feet or more thick. The maximum reported content of carbonate 
of lime is 84.7 per cent in a sample from Mannington Township, 
Salem County, but the average of three samples from that township 
gave only 66 per cent; 80 per cent material is reported from locahty 61, 
west of Clementon, Camden County. No systematic measurements 
or samples of the lime sand are available. Ordinarily it has con- 
siderable overburden and Ues a mile or more from available sites 
for greensand exploitation. 

COMMERCIAIi DEVEIiOPMENT. 

Although small amounts of potadi have been manufactured from 
New Jersey greensand and marketed, there has been as yet no 
laiige-scale commercial operation or production. In 1916 the 
Waverly Chemical Co., of Camden, N. J., under the direction of 
Samuel Peacock, was regularly producing from greensand dug near 
Sewell a small output of hydrated carbonate of potash for the cut- 
glass industry.^ No further production by this company has been 
reported to the Geological Survey. 

In the same year •• the Kaolin Products Corporation was operating 
a plant at Jones Point, N. Y., on Hudson River about 40 miles 

4» Gale, H. S., Potash in 1916: U. S. Geol. Survey Minena Resources, 1916, pt. 2, p. 130^ 1917. 
•'•0 Gale, H. S., op. d*. 
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above New Yoric Gty. The plant was designed to produce 1 ton 
of potash a day but was only experimental and not intended for com- 
mercial production. The process as at present developed is described 
below in the accoimt of the Eastern Potash Corporation. In 1917 
the company, having changed its name to the American Potash 
Corporation, continued experimental operations at Jones Point *^ 
and claimed to have solved the difficulties of extracting potash on 
a commercial scale from the greensand of New Jersey. Among 
the proposed by-products were "agricultural lime," brick, tile, and 
artificial stone. No production of potash was reported by the com- 
pany during the year. 

The Eastern Potash Corporation was subsequently organized to 
take over the rights and property of the American Potash Corpora- 
tion in so far as they related to the production of potash and by- 
products from greensand. This corporation, with offices in New 
York, continued the experimental work at the Jones Point plant 
and produced and marketed in 1918 a small quantity of high-grade 
caustic potash. The company now has under construction near 
New Brunswick, N. J., a plant designed to treat 1,000 tons of green- 
sand per day. According to a recently published statement ® the 
process which this company claims to have demonstrated com- 
mercially consists in grinding the greensand in ball mills to 200 
mesh, and then digesting the material with milk of lime in an auto- 
clave or a special type of continuous digester for 30 to 60 minutes 
with steam at a pressure of 200 poimds. The lime (CaO) should 
equal the weight of the greensand. The digested material is filtered 
twice, and a solution containing about 80 per cent of the potash in 
the charge is evaporated in a multiple-type evaporator from an 
original strength of about 2 per cent of potash to about 45 per cent. 

This solution can be further concentrated to produce the ordinary 
90 per cent solid caustic potash.^^ The excess steam from the diges- 
tion and other sources of waste heat from the plant will be utilized 
for evaporation. For the manufacture of tile or brick the residue is 
mixed with sand. The hydrous calcium siUcate and excess lime 
hydrate serve as binders, and the product is hardened by steam. 

The Atlantic Potash Co. (Inc.),^ with offices in New York, was 
oi^anized early in 1917 to produce potash from greensand by a 
process invented by G. F. von Kolnitz. It has mined a considerable 
amount of greensand at its pits near Marlton, in Burlington County, 

n Oale, H. S., and Hicks, W. B., Potash in 1917: U. 8. Geol. Survey Mineral Resources, 1917, pt. 2, p. 440, 
1918. 

u Wells, A. E., The potash industry ot the United States and its possihUities for future productton: 
Bur. Mines Minerals Inv., preliminary report, pp. 15-16, August, 1919. 

H* Shreve, R. M., Potash recovery in New Jersey: Ch«m. Age, May, 1020. Bee also later publica- 
tions by same author: Action of lime on greensand: Jour. Ind. and Eng. Chem.,yoi. 13, pp. 608-699, 
August, 1921; Greensand as a source of potash: Chem. and Met. Eng., vol. 26. p. 1066, December 7, 1921. 

u Gale, H. S., and Hicks, W. B., op. cit. 
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N. J. (see Pis. II and VIII, -4), and has marketed a small quantity 
of high-grade potash extracted therefrom in its experimental plant 
at Stockertown, Pa. The process consists in preheating the green- 
sand to 350^ C, mixing it with calcimn chloride, passing the mixture 
through a furnace at about 850^ C, leaching the product, and finally 
obtaining potassium chloride by evaporation and crystallization. 
The company had suspended operations by the fall of 1918 but was 
planning to erect a plant on its groimd near Marlton. No fiirther 
prc^ess has been reported to the Survey. 

The large-scale expeoriments of F. Tschimer at Yorktown ^ in 1917 
led to the establishment of the R. S. Ryan Co.'s plant at Reeves 
station (PL IX, D), 2 miles north of Medford, in Burlington County, 
where the company had acquired ground. The plant, which is 
regarded as only for commercial experiment, handles about 50 tons 
of greensand and produces from 2 to 3 tons of potassium chloride 
(KCl) per day. The process consists in grinding greensand and 
lime sand, taken from the company's pits near the plant, mixing 
these with salt, and heating the mixture in a rotary kiln. The 
clinker is leached in water, and the potassium and sodium chlorides 
are removed by evaporation and crystallization. Most of the 
sodium chloride is recovered and used over again. Potassium 
chloride, running 88 to 90 per cent, with a little potassium sulphate, 
is produced. By March, 1919, the company had sufficiently over- 
come initial difficulties to start commercial operation. In September 
of the same year the plant was reported closed. The figures for 
production are not available. 

In the fall of 1918 the newly organized Reduction & Concentration 
Corporation acquired a factory building and grounds at Gloucester, 
N. J., for rendering soluble the potash in greensand and making 
complete fertilizer in which was to be incorporated the treated 
greensand. Preliminary arrangements were made for utilizing 
greensand from properties of the Norcross & Edmunds Co. at Bir- 
mingham and of the West Jersey Marl & Transportation Co. at 
SeweU. Installation of machinery and experimental work were 
said to be in progress from January to March, 1919, when the writer 
was in the vicinity, but no information as to the process was divulged, 
and no opportunity was afforded to view the operations. No 
production and no further activity of the corporation have been 
reported to the Survey. 

In 1918 the Coplay Cement Manufacturing Co., of Coplay, Pa., 
which had recently installed a Cottrell dust-coUecting system and 
equipment for the extraction of potash from flue dusts, experimented 
with greensand from Birmingham, N. J., as a constituent of its 
cement mixtmre to see if the amount of potash recoverable from 

N Qale, H. S., and Hicks, W. B., op* dt. 
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these dusts could be increased. The company's usual mixture con- 
tained about 1 per cent of potash. The greensand employed con- 
tained about 7 per cent of potash, so that its use in the proportions 
selected for the experiments would nearly double the amoimt of 
potash available for volatilization. The experiments showed that 
the potash was largely volatilized, and that the cement, though 
darker colored on account of the iron in the greensand, was salable 
under the market conditions then existing. The company next 
acquired greensand deposits near Kirkwood, in Camden County 
(locahty 60, PL II) , and began commercial utilization of the green- 
sand. After a few runs, but not from any difficulty arising from 
the use of greenscmd, it became necessary to shut down the dust- 
coUecting units of the plant. These were still inactive in October, 
1919, but resumption of activity was expected if the potash market 
seemed favorable. 

A number of other processes for the extraction of potash from 
greensand have been devised and most of them patented. None 
of these processes, however, has reached so advanced a stage of 
large-scale experimentation as those above described.* 

OUTIiOOK. 

The development of a potash industry based on the New Jersey 
greensands depends on the ability of the manufactiirers to compete 
not only with foreign producers but also with American producers. 

According to Hicks ^® the prices of German potash salts delivered 
before the war imder special contracts for large quantities direct from 
the source of production to Gulf and Atlantic ports were as follows : 

WhoUsale prices per short ton of potash salta c. t. /. AtUmtic ports, 1911-19 H,*^ 





Approxi- 
mate per- 
centage 
of potash 
(fcO). 




1911-1913 




1914 6 


Potash salt. 


list 
price. 


Dis- 
count.'! 


Net 
price. 


list 
price. 


Dis- 
count.* 


Net 
price. 


Approxi- 
mate net 
price per 
unit of 
potash 

(20 
pounds 
ofKjO). 


Sulphate 


4&6 

5ao 
2ao 

16.0 
12.4 


$46.30 

38.06 

13.30 

ia66 

8,26 


16.95 
6.71 
2.06 
1.65 
1.28 


<39.35 
32.34 
11.24 
9.00 
6.97 


$47.58 

39.07 

13.58 

10.87 

8.36 


$7.14 
5.86 
2.10 
1.68 
1.30 


$4a43 

33.21 

11.48 

9.19 

7.06 


$0.83 
.66 
.57 
.67 
.57 


Muriate 


Mannre salts 


Hartealz 


Kainite 





a Federal Trade Commission report on the fertUizer industry, 1916, p. 166. 

6 Th^e prices, which were fw January to June, 1914, were increased sUghtly during the later part of the 
year. See Oil, Paint, and Drug Reporter, vol. 85, p. 59, 1914. « p«iv ui mo 

c 16 per cent discount on sulphate and muriate and 15i per cent on 20 per cent manure salts, hartsak. and 
kaimte. ' 



K See Gale, H. S., Potash in 1916: U. S. Geol. Survey Mineral Resources, 1916, pt. 2, pp. 126-129, 1917. 
Gale, H. S., and Hicks, W. B., Potash in 1917: U, 8. Ged. Survey Mineral Resources, 1917, pt 2 pp 440 
442-446, 1918; also Hicks, W. B., Potash In 1918: U. S. Geol. Survey Mineral Resources, 1918, pt. 2, pp! 
386-445,1920. Eachof these papers contains a list of patents and a hihliogKmhy. 

•• Hicks, W. B., op. dt., pp. 398-401. 
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As will be obeerved from the table, net piioes to kige importeiB varied irom 67 
cents per unit (20 pounds of KsO) for the lowest^gnde i»oduct to 83 cents for sulphate. 
The list prices, which are generally ehown in market quotations in the United States, 
correspond to 67 cents per unit for the low-grade material and 98 cents for sulphate. 
Ocean frei^t rates to the United States on these salts in bulk bom Hamburg averaged 
about $2 per metric ton to northern ports and $2.50 to $2.90 to southern ports. 

Alter the embargo of January 30, 1915, placed <m the exportation of potash salts hrom 
Germany, the prices of these salts rose rapidly. Early in 1915, market quotations on 
80 per cent muriate were around $115 a ton and gradually rose to $500 a tou in Decem- 
ber. The quotations in 1916 varied from $300 to $490 a ton, in 1917 from $325 to $450 
a ton, and in 1918 from $260 to $350 a ton. These quotations are not indicative of the 
actual selling price of potash materials, as only limited quantities of muriate were on 
the market and muriate was at a premium because of its use as a raw material in the 
manufacture of various refined potassium salts. The actual selling price in the eastern 
markets of the domestic output was about $4.87 per unit in 1916, $4.79 in 1917, and 
$4.61 in 1918. These data are shown in the followiug table. 

Wholesale price of potash in the United States, 191&-1918, 



Year. 


ICttket qncftatloas of 80 per cent mariate.o 


Approximate aver- 
age sellingprioe 
per unit of KiO of 
domestio outpat. 


Per short ton of salt. 


Per unit of KsO. 


F. 0. b. 
plant. 


Eastern 




mgh. 


Low. 


Average. 


High. 


Low. 




markets. 


1915 


1500 
490 
460 
3fi0 


$1U 
300 
325 
260 


1345 

415 
880 
315 


naoo 

0.80 

aoo 

7.00 


12.30 
6.00 
&60 
5.20 


S5.90 
8.80 
7.60 
6.30 


».14 
4.37 
4.29 
4.11 


83.64 


1916 


4.87 


1917. 


4.79 


1918 


4.61 







a Quotations for 1915 and 1916 taken fhun Jour. Ind. and Eng. Chemistry and for 1917 and 1918 from OU, 
Paint, and Drag Reporter. 

When the armistice was signed in November, 1918, only a few large producers in the 
United States had made their original investments out of the potash industry, many 
plants had been operated only a short time, and others were under construction. 
About one-third of the potash produced in 1918 was still in the hands of producers, 
money for operating expenses had been advanced on the potash held in storage, and 
developments had gone forward under Ihe prevailing price of $4 to $5 per unit of potash. 
Anticipation that low-priced potash from foreign sources woidd be available followed 
the armistice agreement, checked sales of domestic potash, and caused the price to fall 
to about $2.50 per unit — a price lower than the cost of production of many producers. 
These conditions caused a crisis in the potash industry, and producers began to close 
their plants. By the early part of 1919 nearly all producers had shut down and some 
had gone out of bufiiness. 

The cost of production of American salts is summarized by Gale, 
and Hicks ^^ as follows: 

Available data on the cost of producing potash from the various American sources 
are very meager, but if the following estimates of cost production are correct they 
indicate that undoubtedly some of the large developments will survive. Oondra gives 
the cost of producing potash in the alkali-lake region of Nebraska as between $20 
and $44 a short ton, or an average of $30 a short ton of crude salts. This corresponds 



r op. cit., p. 403. 
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to an average of about |120 a ton oi potash (E^O). The conditions as regards labor, 
fuel, and supplies in this region are very difficult, and the cost should be considerably 
reduced if such conditions are improved. It has been stated that sulphate of ]X)ta8h 
can be produced from alunite at Marysvale, Utah, at approximately $20 a ton (equiv- 
alent to about $40 a ton of E2O), and that if an aerial tramway were installed the 
cost would be reduced 50 per cent. Porter estimates that the present cost of pro- 
duction, exclusive of royalty, depreciation, and dmilar items, by the Security Cement 
A Lime Co., Hagerstown, Md., is about $30 a ton of pure iX)taE& (EjO) -psixiked on 
board cars, and that under normal conditions the price might be reduced 50 per cent. 
Treanor, from his experiences as manager of the Riverside Portland Cement Co., 
thinks the cost of saving x>otash from flue dust may run $100 a ton of KjO for the first 
month, may average $40 a ton of EjO the first year, and that it may ultimately be 
reduced to less than $20 a ton of KjO. 

Estimates of the cost of American production tlms run from $20 
to $120 a ton of KjO or from $0.20 to $1.20 per unit. 

Wells ^ in describing the plant of the Eastern Potash Corpora- 
tion estimates that the cost of producing caustic potash in a plant 
with a capacity of 1,000 tons of greensand per day, including interest 
and general plant depreciation, may reasonably be as much as $1.50 
per unit of K3O. Such a plant would produce about 45 to 60 tons 
of KjO as caustic potash and would turn out about 2,000,000 brick 
per day. It should, however, be borne in mind that the cost of 
raw material for the brick is greater than that for ordinary brick 
and that the by-product brick, to find a suitable market, must 
possess some special attractiveness such as color, endurance, or 
adaptabihty to particular uses. With the requirement of a special- 
ized market the disposal of so much brick might prove a problem in 
itself. 

It is doubtful if companies making potash their only product in 
the treatment of greensand can do so for less than the $1.50 per 
imit estimated for the Eastern Potash Corporation. 

The experience of Treanor, cited above, appears to indicate that 
after the installation of a dust-collecting and potash-refining system 
in a cement plant potash may be recovered from the dust rather 
cheaply. Wells,*^* however, thinks that the cost of the high-grade 
product, allowing for royalties, selling costs, and storage chaises, 
would be nearly $1.80 per unit. 

If these figures are at all accurate it is evident that the cost of 
producing potash from greensand, even in. conjunction with cement 
manufacture, is greater than that of producing it from alunite 
and some of the western brines. The greensand product has the 
advantages of proximity to market and of low freight cost. 

In view of the present disturbed state of industrial conditions in 
Germany and of the heavy war taxes it seems certain that the cost 

» Wells, A. E., The potash industry of the United States and its possibilities for future production: 
Bur. Mines Minerals Inv., preliminary report, p. 16, August, 1919. 
« Idem, p. 7. 
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of German potash will hereafter greatly exceed and perhaps be as 
much as double pre-war prices. On the other hand, there is the 
possibility that in the United States the cost of labor and fuel may 
have reached its peak and that with the resumption of industries 
interrupted by the war and with increased production these costs 
m.ay decline. 

The American potash industry thus bids fair to be on a nearly 
even basis with foreign potash industries. Whether or not green- 
sand may have a place in the American potash industry wiU depend 
on how well the greensand operators may be able to compete with 
western producers. 

AVAIIiABILITY OF POTASH IN GREENSAND. 

The scarcity of potash and the high prices of fertilizers during 
the war led many farmers to think again of greensand as a source of 
fertilizer. Although accoimts of its use in the early reports were 
highly favorable, the results of more recent local applications were 
contradictory, and the writer received many inquiries about the 
availability of the potash in greensand. 

From the standpoint of the fertilizer manufacturer the potash is 
not considered available because of its slight solubility in water. 
Recent experiments conducted by True and Geise, of the Bureau of 
Plant Industry, United States Department of Agriculture, show 
that plants in their early growing stages will assimilate potash from 
greensand as effectively as from the usual soluble commercial potassium 
salts. These authors ** used two sets of carefully controlled pot cul- 
tures of wheat and red clover with nutrient solutions. In one set the 
potash was suppUed by the usual commercial salts; in the other set 
potash was supplied by greensand in proportions such as those 
formerly employed in agricultural practice, all other sources of 
potash being excluded. They reached the following conclusions: 

It has been shown by pot experiments carried out with crushed quartz and Shive's 
culture solution as a basis that greensands and greensand marls from Virginia and New 
Jersey are able to supply sufficient potassium to satisfy the demand of Turkey Red 
wheat and red dover during the first two months of their growth. This enables them 
to make a greater dry weight of tops than was seen in similar cultures in which the 
potassiimi demand was supplied by potassium chlorid, potassium sulphate, and 
potassium phosphate. The prompt availability of sufficient potassium to meet the 
needs of many, perhaps most, farm crops seems to be indicated. 

It is reported that the New Jersey Agricultural Experiment Station 
has been working on the same problem and has reached similar 
conclusions. 

In a letter to the Director of the United States Geological Survey 
Dr. True points out that land which already has a sufficient supply 

M True» R. H., and Oeise, F. W., Experiments oH the Yalue of greensand as a source of potassium for 
plant culture: Jour. Agr. Research, vol. 15, pp. 489-402, Dec .2, 1918. 
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of potash and the other ingredieeDts saffflbed hy greensand marl will 
not he benefited by application of it. This maj acconnt in some 
measure for the contradictory nature of the reported results of its 
use. Dr. True further stat^ that arrangements have been made 
for the shipment of three carloads of greensand from deposits near 
^larlboro, X. J., to the vicinity of Florence, S. C, where it is to be 
applied to fields known to be d^ci^it in potash. Results of interest 
and value are to be expected from these experiments. 

More recent experiments along a somewhat different line have 
been carried out by McCall and Smith, of the Maryland Agricultural 
Experiment Station. These authors *^ composted greensand with 
sulphur, soil, and manure in varying proportions, taking samples 
from time to time, extracting these samples with distilled water, and 
analyzing the water extracts for their acidity and their sulphate 
and potassium content. Two types of greensand were used, one 
from SeweU, N. J., containing 5.88 per cent of potassium (K), and 
the other from CrownsvUle, Md., containing 1.42 per cent of potas- 
sium. Each compost had as a basis 1,500 grams of greensand, 
500 grams of commercial flowers of sulphur, and 0, 250, or 500 grams 
of partly rotted yard manure, aid-dried and ground fine. In some 
of the tests Collington sandy loam and precipitated caldum carbonate 
were used, also small percentages of the sulphates of iron and alumina. 
The following results were obtained: 

1. In composto oonaistiiig of greensand, mannre, and soil in different proportions 
an appreciable amount of the potassiuni was made water-soluble throu^ siilphofi- 
cation. 

2. The composts containing the largest proportion of manure developed the highest 
degree of acidity, oxidized the greatest amount of sulphur, and produced the largest 
quantity of water-soluble potassium. 

3. The composts in which soil was substituted for a jxurt of the manure developed 
less acidity, oxidized less sulphur, and produced a smaller amount of soluble potaasium. 

4. When all the manure was replaced by soil, the rate of sulphofication was so 
slow that at the end of 23 weeks only a very small amount of acidity had developed 
and very little potassium had been made soluble. 

5. When no organic matter was added the amounts of acidity and of soluble sul- 
phates were no greater than might be accounted for by natural oxidation of the 
sulphur. 

6. The addition of small amounts of ferrous and aluminum sulphates failed to 
stimulate sulphofication. 

7. Calcium carbonate added to the sulphur-manure-soil compost produced a stimu- 
lating effect during the early part of the period but failed to increase the acidity, 
soluble sulphates, or potassium above the Tnq.TiTnnm reached by the corresponding 
composts in which no calcium carbonate was used. 

8. More water-soluble potassium was formed in composts containing the high- 
potassium greensand, but a larger per cent of the total potassium present was liberated 
in the composts containing the low-potassium greensand. 

^ McCall, A. G., and Smith, A. M., Eflect of manure-sulphur composts upon the availability of the 
potassium of greensand: Jour. Agr. Research, vol. 19, pp. 239-256, Juae, 1920. 
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9. In the composts containing manure the total amounts of potassium recovered in 
the water extracts varied &om 9.1 per cent to a maximum of 41.3 per cent of the total 
initial amount present. 

10. Our results indicate that the composting of greensand or of soil rich in potassimn 
with sulphur and manure may prove to be a practical and efficient method for obtain- 
ing available potassium from comparatively insoluble materials. 

In the opinion of the writer part of the benefit derived from the 
use of mari may be the result of an improved texture produced by 
the mechanical mixture of the greensand with the soil. For example, 
a mass of clayey greensand applied and worked into a light sandy soil 
would produce a more loamy texture besides furnishing potash. On 
the other hand, similar greensand applied to a stiff clayey soil would 
tend to emphasize the heaviness of such a soil and might be injurious. 

EARIilER VIEWS ON AGRICUIiTURAIj VAIjUE. 

Little was known in the earUer days about potash in greensand 
marl and its part in the beneficial action of the marl upon crops. On 
the other hand, the importance of the phosphoric acid and lime as 
beneficial constituents was strongly urged. For those interested in 
reverting to the use of marl as a fertilizer it may be well to repeat the 
conclusions drawn years ago by Cook:®' 

1. That the most valiuable marls and those which will best pay the cost of long 
transportation are those which contain the largest percentage of phosphoric acid. 

2 . That the most durable marls are those containing carbonate of lime, the more the 
better. 

3. That greensands containing but little of either phosphoric acid or carbonate of 
lime become active fertilizers wiien composted with quicklime. 

4 . That marls which are acid and burning from containing sulphate of iron can be 
rendered mild in properties and useful as fertilizers by composting with lime. 

5. That crops particularly improved by it are all forage crops, grass, clover, etc.; 
for these the green marl may be spread upon the surface to the amount of from 100 to 
400 bushels per acre. The crop is generally doubled and in some cases quadrupled by 
this application. Other marls must be used in larger quantities, but will produce 
good results. 

Potatoes : For this crop marl seems to be a specific. It does not materially increase 
the growth of the vines, and the yield is not much greater, but the potatoes are 
smoother and fairer in the skin and dryer and of better quality when boiled. The 
marl is put on the potatoes in the hill at planting; if not acid, it is thrown directly on 
the tuber; if acid, the potato is first covered by earth and the marl thrown on or 
beside that. From 5 to 30 tons may be used on an acre. 

Buckwheat: Most remarkable effects upon this crop are produced by marl. Two 
and one-half tons, or 50 bushels to the acre, spread on after sowing, have caused an 
equal amount of buckwheat to grow on land which otherwise was not worth cultivating. 

Wheat, rye, oats, and corn are improved by the use of marl, though not with the 
striking results seen on the crops before mentioned. It is applied as a top dressing 
on the prepared ground, is spread on the surface before plowing, is worked in the hill 
or drill, or is composted with barnyard manure and spread on the ground according 

•2 Cook, G. H., Geology of New Jersey, pp. 462-453, 1868. 
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to the fanner's judgment. From 5 to 30 tons and even more may be used upon an 
acre. 

With any kind of garden or field crop it may be used and will be beneficial both to 
the crop and soil . It is free from the seeds of weeds , is dry and convenient to handle — 
all of which recommend it to any mug farmer. 

MECHANICAIi ANALYSES OF GREENSAND. 
NATXntE OF INVESTIGATION. 

In the course of drilling variations were observed in the texture of 
the marl and in the relative proportions of the different constituents. 
Quartz was present in all the samples in greater or less amounts and 
served as an adulterant, lowering the potash content. The claylike 
constituents, however, consisted in part at least, of finely divided 
glauconitic material, so that their presence might or might not mean 
a reduced potash content. In order to study the different constitu- 
ents of the marl and their relative proportions in the principal beds 
of commercial thickness mechanical analyses were undertaken some- 
what along the lines of the work of Cook *' and Ashley.®* The follow- 
ing investigations were carried out: (1) Wet separation to determine 
the relative proportions of coarser and finer constituents; (2) mag- 
netic separation of coarser residues to determine the percentage of 
magnetic materials, chiefly glauconite; (3) sizing the products of the 
magnetic separation to determine the sizes and shapes of the mineral 
grains and the relative abundance of grains of certain sizes and 
shapes; (4) microscopic study of glauconite grahis in thin section 
(for discussion see pp. 139-140) ; (5) chemical analyses of some of the 
products of the wet and magnetic separations (discussed below). 

PBEPABATION OF SAMPI^ES. 

Composite samples, 15 in all, derived from 87 originals, were pre- 
pared to represent each bed of commercial thickness at each of the 
six locaUties explored. Each sample weighed approximately 100 
grams and was made up of weighed portions of all samples taken 
from the given bed at the given locality, each in proportion to the 
thickness represented by it. The material was weighed without 
preliminary drying, but at the end check samples weighing 100 grams 
were dried under the same conditions to which the composite samples 
were subjected and reweighed to determine the loss of moisture in 

drying. 

WET SEPABATION. 

In a preliminary trial 100 grams of greensand was placed in a 
beaker, covered with water, stirred briskly one or two minutes with 
a glass rod, and allowed to settle for a few seconds. The liquid with 
finer particles in suspension was then decanted. This procedure 

• Cook, Q. H., Geology of New Jersey, pp. 227-280, 1868. 

M Ashley, G. H., Notes on the greensand deposits of the United States: XT. S. GeoL Soirey Bull. 660, 
p. SO, 1918. 



Digitized by 



Googk 



MECHANICAL ANALYSES OF 6BEENSAND. 117 

was repeated and continued for an hour and three-quarters. At 
first ih.e material released by washing was of a brownish color and 
relatively heavy, settling in a comparatively few minutes. This 
disappeared after five or six washings, however, and a light yellowish 
green material was developed, which clouded the solution and ap- 
peared without evident diminution at every washing. Compara- 
tively little of this cloudy matter had settled, even after standing 
over night. A few drops of dialyzed iron, added to the solution at 
the suggestion of George Steiger, caused the flocculation and pre- 
cipitation of the fine suspended matter and the clearing of the 
solution. 

A second preliminary trial was made to determine whether the 
cloudy material above mentioned was present as detached particles 
in the original sample or whether it was developed from the green- 
sand grains by agitation in washing. About 25 grams of greensand 
in which clayUke material was relatively abimdant, was placed in a 
beaker on a stand imder a faucet. The inflow of water was directed 
by a funnel to the bottom of the beaker. The ''clay" was soon 
washed out and the solution cleared. Some cloudiness of the water 
was developed, however, when the greensand was agitated with a 
glass rod. This was done at intervals of a few minutes for a period 
of nearly four hours, and the cloudiness appeared at each agitation. 
The clear water was then poured off except about 50 cubic centi- 
meters, in which the greensand was again stirred briskly with a rod. 
The cloudiness at once reappeared just as abundantly as at the 
early stages of the washing. 

It was concluded that the glauconite grains were yielding fine 
particles either by mechanical wear of grain on grain or by the flow 
of water over the grains. Of the two agencies the former is appar- 
ently the more effective, because practically no cloudiness appeared 
during the constant flow of water through the beaker. The test 
suggests that much of the ''clay'' that is so abundant in some beds 
of greensand is really composed of finely comminuted glauconite 
grains. Its presence in the marl, therefore, does not necessarily imply 
poorer quality. 

In making the separations tabulated below the following proce- 
dure was observed. After placing the weighed sample in a beaker 
somewhat more than enough distilled water to cover it was added. 
The greensand was then stirred vigorously with a rod for one minute 
and allowed to settle for 30 seconds, after which the cloudy Uquid 
was decanted to a second beaker. These op^ations were repeated 
to a total of 10 times for the first five samples and 15 times for the 
remaining 10 samples. The washed greensand was then removed 
to a casserole, dried on a steam bath, and weighed. A few drops 
of dialyzed iron were added to the cloudy liquid, which was then 
allowed to settle, after which the clear water was decanted and the 
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settlings dried and weighed in the same manner. In samples Gr-2, 
G-IO, Gr-13, G-14, and Gr-15 the entire washing waters were dried 
without floccnlation and precipitation by dialyzed iron. 

Wet separations of composite samples of greenscmd from Survey borings. 



LocaUty. 



Sample 
No. 



Approxi- 
mate 

thickness 
of bed. 



Weight of 
samijfle. 



Besldue from 
washing. 



Grams. 



Percent 
(A). 



Material washed 
out. 



Grams. 



Percent 
(B). 



Loss of 
weightin 
washing 

and 
drying. 



Woodstown. , 

Sewell , 

Somerdale. . . 



Ehnwood Road. 

Pemberton 

Average. . . 



Q-1.. 
G-2.. 
Q-3.. 
G-i.. 
Q-6.. 

G-7.. 

G-8.. 
G-9.. 
G-10. 
G-U. 
G-12. 
Q-13. 
G-14. 
G-15. 



Feet. 

12 

11 

11 

11 

7 

8 

12 

13 

8 

6 

14 

4 

18 

23 

9 



Orams. 
100 
100 
100 
100 

loe 

100 

100 

100 

100.1 

100.12 

100.04 

100.04 

100.04 

100.07 

100.07 



93.44 
95.07 
77.04 
84.73 
86.65 
51.59 
79.75 
84.34 
39.47 
50.94 
09.42 
86.70 
94.89 
81.52 
76.24 



95.6 
97.3 
79.3 
85.7 
88.8 
53.4 
81.5 
86.2 
40.0 
52.4 
71.2 
88.3 
97.3 
84.3 
76.8 



4.25 

2.62 
20.07 
14.17 
10.95 
45.09 
18.05 
13.50 
59.19 
46.20 
28.07 
11.49 

2.62 
15.19 
22.70 



4.5 
2.7 
20.7 
14.3 
U.2 
46.6 
18.5 
13.9 
60.0 
47.6 
28.8 
11.8 
2.7 
15.6 
23.2 



Orams. 
2.31 
2.31 
2.89 
1.10 
2.40 
3.32 
2.20 
2.16 
1.44 
2.98 
2.25 
1.85 
3.03 
3.36 
2.13 



a 80.5 



19.5 



2.38 



a Average weighted according to the thicknesses of the respective beds. 



For the check tests on loss of weight in washing and drying four 
samples were selected, weighed, dried over night on the steam bath, 
and reweighed with the following results: 



Moisture determinations on samples 


of greensand. 






Locality. 


Field 

No. of 


Origfaial 
weight. 


Weight 

at about 

100* c. 


Loss in 
weight. 


Salem 


/M-l 

\M-8 

/M-12.... 
\M-16.... 


Onms. 
100 
100 
100 
100 


Orams. 
96.95 
97.19 
96.85 
97.49 


Orams. 
3.05 


Woodstown 


2.81 
3.15 




2.51 


Average 






2.88 


1 









a The field nombers are those used in the descriptions of the b<Hing8 at Saiem and Woodstown. 

The loss of weight on drying for the four check samples is of the 
same order individually as for the samples subjected to wet separa^ 
tion, though the average is somewhat higher. 

The percentage of fines or ''clay'' in the greensand at the six 
localities named ranges from 2.7 to 60 and averages about 19.5. 

MAGNETIC SEPABATION. 

An interesting characteristic of glauconite is that it is moderately 
magnetic and may thus be separated from quartz and other non- 
magnetic substances by passing the dried greensand through a 
strongly magnetic field. The residues from washing were presented 
successively in small quantities close under a glass plate placed 
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against the poles of a powerfiQ dectromagnet. The glauconite was 
attracted and held to the glass plate so long as the plate was in 
contact with the poles of the magnet. By lowering the plate the 
glauconite could be dropped into any convenient receptacle. This 
action was repeated until no further results were shown, and thus 
fairly complete separations were obtained. 

As tabulated below the numbers of the samples and the beds 
represented are the same as for the wet separations. Ten-gram por- 
tions of each sample were used, and the products of the separations 
were weighed. 

Magnetic separation of samples of washed greensand. 



XioeaUty. 


Sample 
No. 


Weight. 


Magnetic portion, 
chiefly glaaconite. 


Nonmagnetic por- 
tion, chiefly quartz. 


Excess 
or loss 
after sep- 
aration. 


Glau- 
oonite 

original 




Grams. 


Peronnt 

(C). 


Grams. 


Percent 


sample 
(CXA, 
p. 118). 


0BlAm 


fO-lA... 
0-2A... 
G-3A... 
G-4A... 
Q-^A... 
G-6A... 
G-7A... 
G-8A... 
G-«A... 
G-IOA.. 
0-11 A.. 
G-12A.. 
OrlSA.. 
G-14A.. 
0-lSA.. 


Granu, 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 


8.87 
0.45 
8.09 
ft60 
9.30 
8.27 
9.77 
0.61 
0.32 
0.70 
0.62 
6.24 
0.50 
0.65 
6.27 


87.3 
04.1 
8a4 
06.0 
02.6 
82.3 
07.0 
04.6 
02.6 
06.6 
06.0 
62.6 
04.5 
06.0 
52.4 


L20 
.60 

1.07 
.30 
.75 

1.78 
.30 
.55 
.74 
.34 
.40 

3.75 
.55 
.40 

4.70 


12.7 
5.0 

19.6 
3.0 
7.5 

17.7 
3.0 
5.5 
7.4 
3.4 
4.0 

37.5 
5.5 
4.0 

47.6 


Oram, 

+ai6 

+ .04 
+ .06 

- .01 
-P .05 
+ .05 
+ .07 
+ .06 
+ .06 
+ .04 
+ .02 

- .01 
+ .05 
+ .05 
+ .06 


Perceta, 
83.6 


Woodstown 


01.6 
63.8 
82.2 


Sew^^Tl 


82.1 
43.0 
79.1 


fUwnArd&le 


81.5 
37.0 
50.6 


Klmwood Road 

"Pmn'hcrtan-- tt-,. 


68.4 
5&2 
01.0 
80.0 
40.2 












80.0 




11.1 




73.1 

















a Averages weighted according to thicknesses of beds represented. 

The excess after weighing was probably due in part to the moisture 
taken from the humid air by the dried greensand during the opera- 
tions of separation and weighing. The percentage of magnetic 
materials^ chiefly glauconite, in the washed greensand is generally 
high, being more than 90 in 10 of the 15 samples and averaging 89. 9 
for all the beds represented. The percentage of glauconite grains 
in the unmodified greensand is shown for each bed at each locality 
in the last column of the table. The final average shows 73 per cent 
of glauconite for the entire thickness of the greensand examined at 
each of the six localities. This figure does not include the finely 
divided glauconitic material occiuring in the greensand as mud or 
" clay" (B in the table on p. 118). No mechanical separation of this 
mud was attempted, but the chemical analyses on page 125 indicate 
that it is probably highly glauconitic. 

SIZE OF GBAmS. 

Both products of the magnetic separation (C and D of the table) 
were passed successively through a series of sieves having 20, 40, 60, 
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80, and 100 meshes to the inch. The entire magnetic or nonmagnetic 
portion of each sample was used, so that the initial weights for the 
sizing operations were assumed to be the same as those of the sep- 
arated portions shown in the table. The grains held on each sieve 
and in the receiver below the lowest sieve were weighed. From these 
weights the percentage of material of the different sizes in each 
sample were determined as shown in the following table: 

Size of grains of glauconiUy quartz ^ etc,, in washed greensand. 





Sample 
No. 


OlauooDlte, etc (C). 


Quarts, ete.(D). 


LocaUty. 


Quan- 
tity in 
sample 
(grams). 


Quantity held on 


sieves. 


Quan- 
tity in 
sample 
(grams). 


Quantity held OD 


Lsieyes. 




Mesh. 


Grams. 


Percent. 


Mesh. 


Grams. 


Percent. 


Salem 


O-IA... 
G-2A... 
G-3A... 
G-4A... 
G-5A... 
G-6A... 
G-7A... 


&87 
0.45 
&00 
0.60 
9.30 
8.27 
9.77 


20 

40 

60 

80 
100 
100+ 

20 

40 

60 

80 
100 
10(H- 

20 

40 

60 

80 
100 
100+ 

20 

40 

60 

80 
100 
100+ 

20 

40 

60 

80 
100 
100+ 

20 

40 

60 

80 
100 
100+ 

20 

40 

60 

80 
100 
100+ 


aao 

4.80 
2L85 
.50 
.20 
.03 


3.4 
54.2 
82.2 
6.7 
8.3 
.3 


L29 
.60 

L97 
.89 
.76 

L78 
.30 


20 

40 

60 

80 
100 
100+ 

20 

40 

60 

80 
100 
100+ 

20 

40 

60 

80 
100 
10(H- 

20 

40 

60 

80 
100 
100+ 

20 

40 

60 

80 
100 
100+ 

20 

40 

60 

80 
100 
100+ 

20 

40 

60 

80 
100 
100+ 


a 16 
.47 
.45 
.17 
.09 
.02 


1L8 




346 
33.1 
12.5 
6wO 
1.5 




8.86 


100.1 


1.36 


lOQLl 


Do 


.60 

4.73 

2.90 

.79 

.45 

.11 


6.3 
49.4 
3a3 
8.2 
47 
1.1 


:}? 

.16 
.09 
.07 
.04 


1&8 




26.5 
23.4 
141 

ia9 

6.3 




9.68 


loao 


.64 


100.0 


Woodstown 


.35 

ao6 

2.49 
.94 
.75 
.64 


43 
37.2 
3a8 
1L4 
9.1 
7.7 


.20 
.29 
.67 
.32 
.30 
.26 


9.9 
143 
33.0 
15.8 
14 8 
12.3 




&23 


100.0 


2.03 


100.1 


Do 


.19 
3.77 
3.53 
1.00 
.69 
.46 


1.9 
30.1 
30.6 

ia4 

7.2 

48 


.03 
.07 
.11 
.06 
.07 
.06 


7.1 




16.7 
26.2 
143 
16.7 
19.0 




9.64 


loao 


.42 


loao 


Do 


.34 
455 

2.90 
.82 
.57 
.19 


3.0 
48.6 

aao 

8.8 
6.1 
2.0 


.06 
.16. 
.27 
.10 
.10 
.00 


10.0 




aao 

33.8 
12.5 
12.5 
11.2 




9.37 


loao 


.80 


loao 




.37 
2.27 
3.10 
1.04 
.95 
.65 


44 

27.1 
37.0 
12.4 
11.3 

7.8 


.06 
.16 
.48 
.35 
.49 
.26 


44 




&8 
26.4 
19.2 
20.9 
148 




8.38 


100.0 


L82 


loao 


Do 


.09 
3.26 
4.02 
LOS 
.80 
.63 


.9 
33.0 
4a9 

ia7 

8.1 
6.4 


.04 
.06 
.09 
.04 
.06 
.10 


ia5 




15.8 
28.7 

las 

13.2 
26.3 




9.S4 


100.0 


.38 


loao 
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Stte of grains ofgiaueonUet quartz^ etc,, in washed greensand-^^ontmned. 





Sample 
No. 


Olaa00Dlt«,«t<3.(C). 




Qnarte,eto.(D). 




LocaUty. 


Qoan- 
tttyin 
sample 


Quantity held on 


sieves. 


sample 


Quantity held on sieves. 




















(grams). 


Mesh. 


Grams. 


Percent. 


(grams). 


Mesh. 


Orams. 


Percent. 


SeweU 


G-8A... 


0.61 


20 


0.25 


2.6 


a65 


20 


a 14 


24.1 








40 


4.72 


40.6 




40 


.24 


41.4 


'' 






60 


8.14 


82.0 




60 


.14 


24.1 








» 


.71 


7.6 




80 


.02 


3.4 








100 


.47 


4.0 




100 


.02 


3.4 








1004- 


.23 


2.4 




100+ 


.02 


3.4 




0.62 


09.0 


.58 


00.8 


Somerdale 


G-«A... 


0.32 


20 


.01 


.1 


.74 


20 


.04 


5.5 








40 


t21 


13.0 




40 


.00 


12.5 








60 


2.85 


30.8 




60 


.08 


11.1 








80 


L42 


16.4 




80 


.04 


&6 








100 


1.45 


15.7 




100 


,€7 


0.7 




Q^IQA.. 


9.70 


100+ 

ao 


2L30 


24.0 


.34 


100+ 

20 
40 


.40 


65.6 




0.24 


00.0 


.72 


00.8 


Do 


.17 


1.8 


.06 
.12 


14.7 
35.3 








40 


3.32 


34.2 








60 


4.00 


4L2 




60 


.07 


20.6 








80 


1.07 


ILO 




80 


.02 


5.0 








100 


.78 


8.0 




100 


.04 


11.8 




0-llA.. 


9.62 


100+ 
20 


.37 


3.8 


40 


100+ 
20 


.04 


11.8 




9.71 


loao 


.34 


loai 


Do 


.05 


.5 


.01 
.05 


Z6 
12L8 








. 40 


2.87 


aai 




40 








60 


3.22 


33.8 




60 


.03 


7.7 








80 


1.05 


11.0 




80 


.02 


6.1 








100 


.97 


ia2 




100 


.02 


5.1 




Q-iaA.. 


6.24 


100+ 
20 


L38 


14.5 


3.76 


lOOf 


.26 


66.6 




0.54 


100.1 


.30 


09.9 


Elmwood Bottd. . . 


.65 


8.0 


.04 


1.1 








40 


2.33 


37.6 




40 


.25 


6.7 








60 


LOO 


27.3 




60 


1.17 


31.6 
23.i 








80 


.67 


las 




80 


.86 








100 


.63 


8.6 




100 


1.04 


2&0 




0-13A.. 


9.fi0 


100+ 
20 


.42 


6.8 


.65 


160+ 
20 


.85 


0.4 




6.10 


loao 


8.71 


00.0 


Do 


.60 


&3 


.10 


32.2 








40 


5.42 


67.4 




40 


.14 


23.7 








60 


2.97 


31.4 




60 


.15 


2&4 








80 


.30 


4.1 




80 


.05 


8.6 








100 


.15 


L6 




100 


.04 


&8 




Q-14A.. 


9.66 


100+ 
20 


.02 


.2 


.40 


100+ 

20 
40 


.02 


3.4 




9.45 


100.0 


.50 


100.0 


Do 


.07 


,7 


.10 

.04 


26.6 

ia2 








40 


6.12 


63.0 








60 


3.60 


26.0 




60 


.01 


2L6 








80 


.46 


4.7 




80 


.02 


5.1 








100 


.27 


2.8 




100 


.02 


5lS 




0-15A.. 


&27 


100+ 
20 


.20 


3.0 


4.70 


100+ 
20 


.20 




9.71 


100.2 


.30 


09.0 


Pemberton 


.00 


1.7 


.18 


3.0 








40 


1.22 


23.0 




40 


.74 


1&4 








60 


1.60 


311 




60 


.66 


13.8 








80 


.87 


16.4 




80 


.72 


15.0 








^ 


.80 
.62 


16.1 
11.7 




100 

100+ 


.05 
1.65 


19.6 
32.3 




&ai 


IQftO 


4.80 


100.0 



88625^—22 ^9 
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The glauoonite particles range in diameter from more than 20-mesli 
to less than 100-mesh, but the greatest number by weight fall between 
20 and 40 mesh, though many fall between 40 and 60 mesh. Below 
the last size the quantity of glauconite falls oflF rapidly, though a few 
samples, especially Gr-9A, have considerable material of the smaller 
sizes. 

The quartz grains, too, fall chiefly between 20 and 60 mesh, but 
there is a large percentage also of the finest grains. 

SHAPES OF GRAINS. 

The largest glauconite grains, 20-mesh or more in diameter, show 
their form most clearly. Under the hand lens they appear irregular, 
botryoidal, or mammillary in general form, suggesting aggregates of 
rounded grains, rather than casts of foraminiferal shells, though 
some grains suggest such form. Many appear to be rounded nodules 
with irregular cracks of lighter color. The grains in general have a 
shiny surface and dark-green color. The 40 and 60 mesh grains show 
similar forms and markings but a greater degree of regularity, as if 
reduced by wear from larger grains. Some of the grains are elongate 
or curved and have a platy structure or cleavage. The smaller 
grains are subangular to rounded, though retaining to some extent 
the suggestion of earlier form and markings. They have evidently 
been much worn and represent, at least in part, material that has been 
transported and redeposited. Other grains, nonmagnetic, have seed- 
like or capsule form and measure 40 mesh or less. These, tested 
qualitatively, give a strong reaction for phosphate. Typical glauco- 
nite grains, somewhat magnified, are shown in Plate IV (p. 6). 

The quartz grains are generally irregular, angular, or subangular, 
though some of the larger grains (40 to 20 mesh) are rounded. 

STTBOCABT. 

Composite samples, so prepared as to represent the principal beds 
of commercial thickness at each of the localities drilled, were washed, 
and the residues were magnetically separated and sized. Some 
greensand was relatively free from clay or mud, but on the average 
it contained about 20 per cent of such material. Glauconite grains 
form nearly 92 per cent of two of the beds, but the general average is 
73 per cent for the beds examined. The most common size for the 
glauconite grains is from 20 to 60 mesh. Their shapes are generally 
irregular and suggest mechanical aggregation. 

CHBMICAIi ANALYSES OF GREENSAND. 
GHABAOTER AND NUMBER OF ANALYSES. 

The character and number of analyses and determinations made in 
the chemical laboratory of the United States Geological Survey in 
connection with the present investigation are shown below. The 
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potash determinations were all made by the method described by 
Hicks and Bailey.** 

Analyies and determinations ofgreensand, etc. 



Chancter of work. 



Number of 

dettfniiii*- 

tions. 



Total KsO in individual ori«;inal samples 

Total EsO in combined or prepared samples 

Water soluble KiO in orieinal samples 

OaO in individual or oomhined samples 

PsO»inindividual or combined samples 

COt in individual samples 

Moistore determinations 

Density determinations 

Analyses of three samples of water, five determinations each. . . 
Complete analyses of fen samples, eleven determinations each. 



128 
17 
18 
15 
13 
2 
6 
3 
15 
110 



327 



The total potash content of the individual original samples has been 
given in the logs of the respective borings. It has furnished the basis 
of the computations and estimates already presented. The density 
and moisture content of the greensand have also been utilized in 
these computations and estimates. Some reference has also been 
made to the determinations of CaO, P3O5, and OO3. Other features 
of the investigation are described below. 

COHPOSmON OF aBJBXNSAND. 

Numerous analyses of greensand sampfes from different parts of 
New Jersey are given by Cook.** Four of them, which relate to locali- 
ties near those sampled in the present investigation, are given in the 

following table: 

Analyses of greensand. 





1 


2 


3 


4 




1.68 

.96 

55.03 

5.80 

1.64 

1.01 

24:41 


1.02 
.27 
5a 23 
6.32 
1.40 
3.45 


2.60 
.26 
49.40 
6.31 
2.52 
3.25 


2.34 


Solphuiicaoid 


.21 


Rni(*iAfU!iH..^, 


5a 00 


Potash '. 


6.18 


fAjnti 


1.67 


MftffTWAiA. , 


.60 


O'Hde of irnn and alumina 






7.d4 

2a U 

9.00 


8.90 
18.66 
7.55 


6.15 


Oxides of iron. 




24.32 


Wal«r.. . 


8.84 


6.88 






' 


100.27 


99.77 


99.54 


98.25 



1. ''Upper marl bed" (Manasquan) from Josbua Forsyth's place near PembeTton; green marl, en 
ftvraue spMnMn. Cook. G. H., op. dt., p. 435. 

8. '^Middle marlhed'' (Homerstown), from the Pemberton2lAilCo.,sentby J.O. CNwfcittasanayetaee. 
Id«m,p.434. 

3. ''Stiddle marl bed'' (Homerstown), from pits of West Jersey Marl & Transportation Co.; STttaea ol 



the whole bed due. Idem, p. 437. 

marl bed" (probably Homerstown rather thim Navesbik) from farm of Jesse lipplixwtt, 
' OldmaxCis Creek, Oloooester Comity; and average of the green marl of tMs neighborhood. Idem, 



due, 
4. "Lower marl bed' 
- 

p. 439. 



** HIcKs, W. B., and Bailey, R. K., Methods of analysis of greensand: V. S. Gaol. SurwBolUflao^ pp. 
51-58, 1918; 
M Cook, G. H., The geology of New Jersey, pp. 417-441, 1868. 
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Much time has elapsed since the publication of Cook's work, and 
there have been changes in methods of analysis, so that it was thought 
desirable as a check to make a few complete analyses of greensand 
samples taken in the present investigation. Four samples were ac- 
cordingly selected, the analyses of which are given in the following 
table: 

Analyses of greensand, 
[R. K. Bailey, analyst. For organic matter see p. 130.) 



M-119 M-99 M-52 M-15 



M-119 U-9d M-S2 M-15 



BiOs... 
FeiO,.. 
FeO... 
AUO,». 
CaO... 



^. 



68.90 
8.91 
1.52 
3.52 
2.10 
1.90 
3.56 



60.74 
17.36 
3.34 
1.93 
2.86 
3.76 
6.68 



51.83 
17.15 
2.93 
6.23 
.52 
3.66 
6.60 



50.32 
18.38 
3.02 
7.53 
.65 
3.82 
7.8S 



NatO 

CO,.. 

Pt06. 

HtO. 



a82 

1.00 
1.05 
7.68 



1.53 

.88 

1.79 

9.08 



0.76 
.36 
.31 

9.98 



0.22 
.15 
.34 

&58 



100.96 



99.95 



100.12 



100.89 



M-119. Manasquan marl from bole 17, looality 96. between Blrmin^iam and Bemb^rton. (See p. 86.) 
M-09. Hornerstown marl from hole 15, locality 62, Elmwood Road. (See p. 70.) 
M-52. Hornerstown marl from hole 10, locality 35, Sewell. (Seep. 49.) 
M-15. Hornerstown marlfrom hole 6, locality 13, Woodstown. (See p. 32.) 

Although the localities from which the Cook samples were taken 
are not definitely known the respective materials represented by the 
two sets of analyses may perhaps be regarded as fairly comparable. 
Certain differences, however, deserve mention. 

The potash content of Cook's samples 2, 3, and 4 seems at first 
sight to agree fairly well with that of samples M-99, M~52 and M-15, 
though it is somewhat lower. It does not appear, however, that 
NajO was separately determined in the Cook samples. This substance 
is therefore probably included in the figure for potash. Further, as 
pointed out by Hicks and Bailey, *^ the methods employed in the anal- 
yses cited by Cook would tend to give too low a value for the potash. 
Thus the semblance of agreement in potash content in the two sets 
of analyses is accidental. 

The silica content of the six samples cited in the preceding para- 
graph is fairly accordant, as is also the content of the combined 
oxides of iron. The other constituents show a greater degree of 
variation. 

Sample 1 of the Cook set and sample M-119, both of which repre- 
sent Manasquan inarl, show considerably less potash than the other 
samples, though sample 1 is apparently of better grade than sample 
M-119, as shown by its lower content of silica as well as by its higher 
indicated content of potash. The high silica content of both these 
samples is jM^obably due to a greater admixture of quartz grains in 
the marl. 

The percentages of CaO, PaOj, and CO, indicate thut only small 
quantities of the carbonate and phosphate of lime are present in the 

•» HiskB, W. B., and BaUey, R. K., op. dt., p. 52. 
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beiteivgrade marls. Some of the P,Os is doubtless combined with 
iron instead of with lime, for the mineral yivianite occurs at a number 
of the locaUties sampled. 

Some of the iron is probably present in the form of sulphides or 
sulphates, as indicated by the sulphuric acid of the Cook samples and 
by the ''irony water" noted at many wells. 

COICPOSITIOK OF PBODUCTS OF WET SEPABATIOK. 

In the section on mechanical analyses of greensand (p. 117) it is 
suggested that much of the claylike material so abundant in some 
beds of greensand is really composed of finely comminuted glauconite 
grains. Four analyses were therefore made for the purpose of com- 
paring the chemical composition of the products of wet separation 
and of unaltered greensand. The samples used were some of those 
prepared for mechanical analysis. (See p. 118.) Each represents 
high-grade Homerstown marl. The chemical analyses are given in 
the following table: 

CompadtUm of producU of wet separation. 
[R. K. Baflef, analyst.] 



G-7A 
(coarse 
residue, 
SeweU). 



0-7B 
(fine 
wash- 
Sew^). 



G-13A 
(coarse 
residue, 
Elm- 
wood 
Road). 



0-13B 

(fine 
wash- 

Elm- 
wood 
Road). 



0-7A 

(coarse 
residue, 
SeweU). 



Q-7B 
(fine 
wasti- 



0-13A 

(coarse 
residue, 
Elm- 
wood 
Road). 



Q>13B 
(fine 
wash- 
ings. 
Elm- 
wood 
Road). 



SiOt... 
FesOt... 

FeC... 
AWO,... 
CaC... 
MgO..., 
KfO... 



5a 38 
1&60 
2.84 
7.83 
.37 
3.64 
7.85 



48.30 
1«.33 
2.61 
S.92 
.72 
3.44 

e.74 



49.50 
1&27 
3.03 
6.52 
1.77 
3.78 
7.37 



43.70 
15.50 
2.54 

n.io 

3.43 
2.09 
5.73 



NatO. 
CO*.. 
PtO».. 
H«0.. 



0.30 
.10 
.28 

8.70 



0.36 

2. 48 

.64 

9.22 



0.26 

.30 

1.00 

8.98 



1.15 
4.04 



100.88 



100L76 



100.87 



ioao8 



« No material left for determination of FtOt. 

These analyses appear to justify the view that the fine or claylike 
constituents of the greensand marl have practically the same com- 
position as the coarser constituents and that much of the fine ma- 
terial is finely comminuted or amorphous glauconite. When these 
samples are compared with each other or with samples M-99, M-52, 
and M-15 of the previous table certain variations appear, but the 
quantities of the respective constituents are of the same order. 

POTASH CONTENT OF THE FINES. 

Although it was impracticable to make extended analyses of all 
the samples of fines obtained by washing (see p. 118), the potash 
content of each was determined because of its possible bearing on 
the treatment of the marl in commercial operations. If the fines 
should prove decidedly lower in potash content than either the 
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coarser residues or the unaltered marl it might pay to wash the marl 
before extracting the potash. In the preceding table the potash 
content of the fines is compared with that of the coarser residues. 
In the foUowing table the potash content of the fines is compio^d 
with the average potash content of the unaltered greensand. (See 
p. 104.) The discrepancy in thicknesses given for the beds in the 
two tables cited is due to- a revision of stratigraphic data after the 
mechanical analyses were completed. The beds from which the 
fines were taken correspond in a general way, however, to those for 
which the average potash content is given. 

Potash eonUnt of fines and of unaltered greensand in per cent, 
[B. K. Baflty, analyst.] 





Oray marl. 


Green marl. 


Chocolate marL 


LooaUty. 


Unal- 
tered. 


Fines. 


TJnal- 
tered. 


Fines. 


TTnal- 
tered. 


"Fines. 




K«0. 


Sample 
No. 


KK). 


KsO. 


Sample 
NoV 


KsO. 


KjO. 


Sample 
No. 


KK>. 


Salem 


e.19 
0.12 
0.09 


G-IB 
G-3B 
0-6B 
G-9B 
G-12B 


4.73 
5.27 
6.20 
6.23 
4.55 


7.19 
7.58 
7.52 
7.35 
7.26 


Q-2B 

G-4B 

G-7B 

G-lOB 

G-13B 


6.47 
7.04 
6.74 
7.26 
6.73 








Woodstown 


6.69 
5.99 
6.32 
6.32 


G-^B 
G-SB 
G-llB 
G-14B 


5.16 


Sewell 


4.81 


SOlnWdal*, r^-rr 


5.50 


Klmwood Road 


6.01 


3.14 





For the Manasqnan marl in the Birmingham-Pemberton area the average of samples M-119. 121, 123, 124, 
and 125, weighted according to the thickness represented by each sample, was 3.7 per cent of potash, and 
the fines (sample G-15B) showed 2.89 per cent. 

In general the potash content of the fines, as shown in the above 
table, runs from about 0.1 to 1.5 per cent lower than in the unaltered 
greensand. At Sewell the fines of the gray marl contain O.ll per 
cent more jk^tash than the imaltered marl, but at Elmwood Road the 
fines of the chocolate marl contain 3.18 per cent less potash than the 
unaltered marl. As ^indicated in the table on page 118, the fines 
of representative samples from all the districts examined average 
19.5 per cent of the unaltered marl. 

Concentration of the marl by washing would imdoubtedly in- 
crease the proportion of pota^ in the resulting residues. This 
gain would be offset, however, by a loss of potash in the fines so 
nearly equal that the expense of washing the material would not be 
justified. 
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Cayeux ^ cites a group of analyses showing the chemical composi- 
tion of actual glauconite. The samples analyzed were all of recent 
material, mostly taken by the ChcJlenger expedition. The analyses 
are presented in the following table. 

Chemical eompodtion of recent glauotmiU. 





1 


2 


3 


4 


5 


6 


7 


SiO, 


5&e2 

12.54 
16.63 
L18 
LflO 
2.49 
Z«8 
.90 
6.84 


sass 

&92 
24.40 
L66 
1.26 
8. IB 
4.21 
.25 
&55 


51.80 
8L67 

2121 
L54 
1.27 
8.04 
8.86 
.25 
&68 


55.17 
8.12 

2L50 
1.95 
t34 
2.83 
8.36 
.27 
&76 


27.74 
13.02 
39.93 
1.76 
1.19 
4.68 
0.95 
Ob62 
ia85 


46.90 
4.06 
27.09 
8.60 
.20 
.70 
6.16 
1.28 
9L25 


47.46 


AUO,... . 


1.58 


fffit . . : 


30l83 


Feo....:.::: : : 


8.10 


CaO-. 




MgO 


2.41 


K^. :::::;:::::::::::::: 


7.76 


NajO 




HiJo. :.:::::::::::;:;:: 


7.00 








100.41 


100.23 


100.32 


10a39 


100.68 


99.24 


100.09 



1-5. From ChaXUnaer reports. 

6. Agulhas Bank, Indian Ocean. Qtlmbel, C.W., TL. bayer. Akad. Wiss. Sitsongsber., vol. 16, p. 417, 

7. Material frcm (Tftoflan^tr office, desoribed by L. W. CoOet (Lea d^ts marins: EncydopMie sden- 
tifiqoe, p. 167, Paris, 1908) as "the purest specimen of aotoal glauconite wbich has ever been found." 

The noteworthy features of these analyses are the relatively high 
percentage of ferric iron as compared with ferrous iron, the rela- 
tively high alumina content, and the low or moderate potash content. 

Cayeux also cites a list of 23 analyses of glauconite from older 
sedimentary formations and shows, following other investigators, 
that these older glauconites, though stUl ferric, have greater per- 
centages of ferrous iron than the recent types. The analyses also 
show a considerable increase in the amoimt of potash and in some at 
least a diminution in the amount of alumina. Collet •• remarks 
that " the glauconite which is forming to-day on the bottom of the 
sea is not the glauconite of sedimentary rocks, which certainly has 
undergone transformations that must be studied to understand the 
genesis of this interesting mineral." These transformations doubt- 
less include the continuation of the process that he terms "glau- 
conitization," to which further reference is made on page 140. 

A group of analyses of glauconite from sedimentary rocks, some 
of which are identical with those given by Cayeux, are cited by 



« Cayeux, Luden, Introdnctian & Tteide p^CngrH>biqii0 des 
France, pp. 242-244, Pads, 1916. 
« CoUet, L. W., op. dt., p. 168. 
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Dana.^* Some of liiese, together with analyses of matenal collected 
in the present investigation, are given in the following table: 

Chemical eompontion ofgjmccmUefrom older gedimentary depaeits. 





1 


2 


3 


4 


6 


6 


7 


O-TOi 


G-13Ca 


SiOf 


49.42 
1«.01 
3.00 
ia23 
.31 
3.78 
7.91 
.26 


61.24 
13.44 
3.06 
12.22 
.10 
3.93 
7.50 
.81 


49.76 
16.00 
3.77 
8.18 
.41 
3.97 
7.S7 
.52 


00.02 
21.03 
6.02 
3.80 
ft. 54 
*.57 
7.14 


50.^ 
19.90 
6i96 
4.79 
3.21 
2.28 
7.87 
.21 


46.91 
23.06 
2.64 
7.04 
2.95 
4.40 
7.31 
.91 


49.09 
ia56 
3.06 
15.21 
.56 
Z66 
6.05 
t21 


5a58 

19.50 

2.96 

6.72 

.34 

4.10 

8L26 

.04 

.30 

.27 

7.76 


49 47 


Fe»0^ 


• 19l46 


Feo?:::::;;:;;:::::::;:::::: 


8.95 


AltOg. 


5.50 


ciS?::::::::::::::::::.::::. 


.00 


MgO 


3.96 


^;..:::::::. ::.:.:::.:.... 


8.04 


NasO 


.10 


cov:..:..... 


.66 


p,o; . : 
















1.06 


So.....................:... 


8.08 
.80 


8.20 


9.82 


9.14 


5.28 


4.71 


11.64 


&54 


TnanlnlilA matfTiftl 








* 














• 


99.80 


loaoo 


loaoo 


99.86 


99.92 


99.93 


10aQ2 


10a83 


loaso 



a For organic matter seep. 130. 
6 Carbonates. 

1. Bwir Biytr, Rnaaia. Kupfler, A., Jabresb. Cheniie, 1870, p. 1307. 

2. Ontika, Ruasia. Kupfl^A., idem. 

8. Orodno VaOey, Bussia. Konffer. A., idem. 

4. Havre, France. Hauahofer. K., Jour, prakt. Chemie, vol. 102, p. 38, 1866. 

6. Antwop, Belgium. Dewalqu^ F.. Soc. gitol. Belsique Annates, voL 2, p. 3. 1876. . 

6. Qocio Idand^Meditenanean Sea. Bemberaer, £^ Min. pat. Mitt., 1877^^. 271. 

7. Ashgrovei, near Elg^ Scotland. Heddle. M. F., Roy. Soc. Edinburgh Irans., vol. 29, p. 79, 1879. 
G-7C. Sewelly N. J., HomerBtown marl, glauoonite grains separated magnetically from tbe resktues 

ofwaahedgreensand. (See pp. llS-119.) 

0-ldC. £lmwood Road, N. J., Homentown marl, glauconite grains sepaiated magnetically Irom the 
residues of washed greensand. (See pp. 118^110.) 

The magnetic separation in the last two samples was very clear, 
80 that these samples represent material as nearly pure as it seems 
possible to get by the method given. The potash content is distinctly 
higher than that of the other samples cited and is probably as high 
as could be expected from most New Jersey material. These 
analyses may therefore serve as a further check on the analyses of 
material from Eatontown given on page 97. By comparison with 
the unaltered green marl from Sewell and from Elmwood Road 
(see p. 104), from which these samples were respectively derived, it 
appears that by washing and magnetic separation the potash content 
of the concentrate thus formed was increased about 0.7 per cent. 

The above table shows the general range and variety of composition 
of the older glauconites. By comparison of these analyses with those 
of greensand given above and with the potash content of the samples 
taken in the several borings it will be seen that much of the New Jersey 
greensand is very nearly pure glauconite. Further discussion of 
the nature and origin of glauconite is given on pages 138-142. 

WATEB-SOLUBIiB POTASH. 

As the water solubility of potash in greensand has an important 
bearing on the use of that material as fertilizer or as an ingredient 
of prepared fertilizers, a number of analyses were made to determine 

It Dana, J. D. and E. S., System of mineralogy, 6th ed., p. 463, 1892. 
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the amount of soluble potash in selected representative samples. 
The method employed was that given in Bulletin 107 of the Associ- 
ation of Official Agricultural Chemists. The following table shows 
both the total potash and the water-soluble potash of the samples: 

Total and water-tolvhle potash in greeMond, 
[R. E. Bailey and E. T. Erickson, analysts.) 



Sample No. 


LocaUty. 


KiO (per cent). 


Total. 


Soluble. 


M-8 


HAVj»,ff«lCTn. 


7.72 
7.88 
7.82 

e.18 

7.88 
7.32 
«.68 
(L36 
3.61 
3.63 
3.27 
2.75 
1.83 
i.20 
2.90 
4.61 
7.17 
7.09 


0l06 


M-15 


Hole 6, Woodstown 


.04 


M-37a 


HoJes'ft^well... 




M-38a 


do'. 


Trace* 


M-«8 


Hol<f11. 8oni<v^ft]4« 


.00 


M-75 




.02 


M-99 


tT<)le }R, "RJmwot^ R"ftd 


.04 


M-116 


Hole 16, Elmwood Road 


.06 


M-119 


Holfll7^n«irBirm1nehftin 


Fiiiit tram. 


M-llfla 


do 


Trace. 


M-120 




None. 


Vf-121 


do/. 


None. 


M-122 


do 


None. 


M-123 


H^ie 19 pear Pfflnberton.. . .... ,._-,.,-.,-.,.,.. 


Trace. 


M-134 


do 


Trace. 


M-125 


do 


Trace. 


M-ia!:::. :.:.:.: 


IxMsality fiO. near Osae© Station. 


Trace. 


M-127 


T<«ality 118, near Eatontown 


Trace. 









From the above table it appears that the water-soluble potash 
content of greensand is very low. The greensand is thus generally 
regarded as unsuited for use in prepared fertilizers, though some of 
it has been used in fertilizer as a filler. 

ACID SOLUBIIilTY. 

No special tests of the solubiUty of greensand in acids were made, 
but greensand is said to be directly and slowly soluble in dilute acids 
(sulphuric; hydrochloric^ or even acetic), so that the potash becomes 
available. 

SOLUBIUTY AND AVAIIABIUTY. 

Although the availability of fertilizer ingredients is generally 
supposed to depend on their solubility, greensand appears to offer 
an exception to this rule. Its wide and beneficial use as a fertilizer 
in former years lends strong probability to the idea that its potash, 
though practically insoluble in water, is actually available for plant 
growth. Possibly the weak acids present in some soils or the local 
reaction between the greensand and the root activity of certain 
plants may bring about this condition. Experiments of True and 
Qeise, of the United States Department of Agriculture, on the 
availability of potash in greensand have been described on pages 
113-115. 



Digitized by 



Googk 



130 POTASH or THE GSEBHSASBB OF HSW JEBSBY. 

CSEOAMMC : 



In the analyses reported on pages 124 and 128 organic matter 
was inadvertently omitted. For the sake of completeness this was 
later determined for the f onr samples of greensand and for two of 
the magnetically separated sanqiles of glanconite. In the determi- 
nations, which were made by £. T. Erickson in the laboratory of 
the United States Geological Survey, the sample was treated initially 
with dilute snlphnric acid with some boilmg to eliminate inorganic 
carbon dioxide. Possibly a slight and n^ligible amount of organic 
matter escaped in this treatment. The residue was then heated 
nearly to the boiling point of an a^r^ate of about 50 per cent 
HjSO^ and 10 per cent Cr,0,. The following determinations of 
organic carbon were calculated from the carbon dioxide recovered 
from this procedure: 

Organic carbon in samples of greensand and glauconiufiom New Jersey. 

Oreenfland : Per cent. 

M-15 0.07 

M-52 24 

M-99 10 

M-119 21 

Glauconite: 

G-7C 10 

G-13C 09 

Mr. Erickson states that for stabilized organic matter — that is, 
organic matter not of recent origin — the hydrogen content may be 
considered as considerably less than the corresponding amoimts of 
carbon and very likely not over one-fifth of that of the organic 
carbon. The total organic matter for each sample is therefore, 
roughly, not much greater than the quantity of carbon indicated for 
it — ^probably not more than one-fifth greater. 

It is worthy of note that for two of the greensand samples the 
quantity of organic matter present is practically identical with that 
of the two samples of pure glauconite and that for the other two 
samples of greensand the quantity of organic matter is still very 
small. 

The bearing of organic matter upon the formation of glauconite is 
discussed on pages 140-141. 

PHOSPHOBIC ACID AND UME. 

As the investigation dealt chiefly with potash, little attention wiis 
devoted to phosphoric acid and lime, but some analyses were made 
as a check on earlier determinations and because of the agricultural 
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importaDce of these substances in the marl. Cook '* emphasized the 
importance of the phosphoric acid in these words: 

Phosphoric add is the most valuable constituent of the whole. Indeed, it may be 
asserted as a general truth, that the gpreen«ind marls may be valued just in proportion 
to the percentage of this acid they contain. 

In that day the effect of potash on plant growth was just beginning 
to be realized. In the light of the experiments of True and Geise it 
now seems probable that the potash in the marl is sufficiently avail- 
able to have agricultural importance at least equal to that of the 
phosphoric acid. 

The average phosphoric acid content of New Jersey greensand 
marls as shown by 130 analyses given by Cook** is 1.78 per cent. 
Similarly the average lime content derived from 105 of Cook's analy- 
ses is 2.25 per cent. The highest individual percentage of phosphoric 
acid cited by him was 6.87 in a sample from the upper marl (Manas- 
quan) from Poplar. The highest percentage of lime (not counting 
diat reported as carbonate) was 15.19 in a sample from the lower 
bed (Navesink) from Holmdel. 

Fairly recent analyses cited on pages 95, 96, and 98 give 0.907 per 
cent of phosphoric acid as the average of ten samples of Navesink marl 
from the Marlboro district, 0.96 per cent as the average of three sam- 
ples of Homerstown marl from Freehold, and 1.16 per cent as the 
average of seven samples of Manasquan marl from Farmingdale. 

Analyses of three composite samples of Manasquan marl from the 
Birmingham-Pemberton district, made in connection with the present 
mvestigation and given on page 88, show from 1.37 to 3.58 per cent 
of phosphoric acid and from 1.53 to 3.86 per cent of lime. Addi- 
tional aiialyses of selected individual or composite samples from the 
Homerstown and Navesink marls are given in the following table: 

Lime and phosphoric add in selected samples ofmaarL 
[R. K. BaQeiy and E. T. Eiickson, analyst^.] 



Sample No. 


LocaUty. 




CaO 


PfO, 


M-7 


HoIa3 SAlAtn 




Peruni. 

2.97 

.60 

.07 

.52 

' .20 

1.49 

.17 

.08 

2.86 

1.84 

None. 

None. 


Per tent. 
0.68 


M-16-16-17a.. 




do 


.25 


M-43 


Hote^SeweU 

HolelO, Sewell 


do.: 

do 


Trace. 


M^: ::: 


.31 


M-e2 


West JetBey Marl & Trapspfflrtatlan Co.'8 irit, 
Sewell 


NavednkC?) 

Homerstown. 

do 






^huce. 


M-63 


do 


•38 


5^::::::::::: 


Folfll?, flomwdaK......... ... 


.17 


H-78-79» 


do-1 


Nave8ink(?) 

Homerstown. 

do 

do 


!l5 


M-99 


prniA IS, Firnirood ROftd . . , 


X.79 


K 


Atlantic Potash Oo.'s pit, Maiiton..: 

Coiday Cement Co.'a pit, near Osage 


1.24 


M-126 


.33 


M-iS...:.:.... 


Eastern Potash Corporatian's ground, near 
Katontown. 


-. do... 


.26 










1.08 


.56 



a Composite sample of one-third each of M-15, M-16, and M-17. 
» Composite sample of one-half each of M-78 and M-79L 



n Cook, O. H., op. dt., pp. 463-451 
n Idem, pp. 417-441. 
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The phos^boric add and fime omftcat of tlie time {nincqial marl 
beds in New Jeraey >» relatiFd^ low, but die Manaaqnan mad lias a 
greater proportion of these substances than the other two beds. On 
ibe other hand, as pieWously noted, it is pooro- in potash. 



At many localities the mail beds contain wato-, especially in the 
soathwestem part of the State, where the eLerations are generally 
lower than in the northeastern part. Modi of the water has an un- 
pleasant taste of iron or is shitty solphnreted and is nnsuited for 
drinking. One sanqde of about 2 quarts was collected for analysis 
at Woodstown. A number of samplfs of marl collected wet were 
thought to contain sufficient water, singty or as composites, for 
anafysis. The waters, howerer, proved insuffident for this purpose. 
ProbaUy a gallon of each sample would be required for complete 
analyses. 

By combining the supernatant water from 11 samples (IC-98 to 
M-108 indusive) from hole 15 and similaily the water from 10 sam- 
ples (M-109 to M-118 inclusive) from hole 16, both at Efanwood 
Koad, suffident fiquid was obtained for partial anafyses, which repre- 
sent the waters from these hdes. The analyses of these composite 
samples and of sample 24 from hole 7, at Woodstown, are given in 
the following table. Only four of the more important substances 
were determined in each sampla 





Parti&l amabfwa of w9Ur mmpla fiom New Jeneg gnemmmL 
[R.K.B«k7.mn.ljst4 






vood 
BomL 


Sim. 
vood 
BomL 


Hole?, 
Woods- 
town. 





■alts... , 


ArcnC. 

aon 


ArcMC 
aOKS 


ArcMC. 

aOQ88 








aot.. 


MlH 


11.37 
2L07 
<L3S 

5141 


&32 


St:. 




<7.M 


3&10 


Ma... 


,. 


13.30 


K 




5w97 


l^^il 


■^■Bd. 


3141 












HaOD 


Ha 00 


100.00 



The percentages of soluble salts in these waters are so small that 
the apparently substantial amounts of potassium correspond respect- 
iydy to 9.6, 10, and 5.2 parts per millinn This is probably far below 
the saturation point for potassium, for in the table showing percent- 
ages of water-soluble potash (p. 129) the content of potash, so far as 
girai, ranges from 0.02 to 0.06 per cent E^O, equivalent to about 
0.018 to 0.05 per cent potassium. These percentages correspond 
nqieetivefy to 180 and 500 parts per million. 



Digitized by 



Googk 



EHBICHMBNT. 133 

In lab(Kratory determinations of water«soluble potash it is custom- 
ary to boil the material in water for perhaps half an hour to pro- 
duce the solution, whereas in the ground solution takes place at a 
ntiuch lower temperature and hence mudi more slowly. On the 
other handy the water which percolates slowly through the beds has 
the advantage of long-continued contact with the greensand. 

The disparity between the amount of potassium present and the 
amount required for saturation su^ests that potassium is being 
withdrawn from solution. The silica, lime, and soda and the rela- 
tively large percentage of undetermined substances surest that the 
other constituents of glauconite may be present in sufficient quantity 
to unite with potassium to form glauconite and that this action may 
be the cause of the withdrawal of potassium from solution. 

That other substances are formed as well is shown by the occur- 
rence here and there of vivianite, marcasite, iron cart>onate, and 
phosphatio nodules. 

Solution and deposition are processes that have doubtless been 
going on within the marl beds at different places at the same time 
or at the same place at different times. The present composition oi 
the waters represents the balance between the two sets of conditions 
at the time of sampling. 

ENRICHMENT. 
FOTASH. 

Cook *• states that " the best marls will always be found below 
the natural drainage of the country, or at least where they have 
never drained out to dryness. '* This statement does not seem to be 
borne out by the present investigation. In the table summarizing 
the field data obtained in the borings (p. 104) the thickness and 
potash content of each of the principal marl beds are given for each 
locality. The green and chocolate marl beds were in large part or 
entirely below the water table in four of the five localities. At the 
Somerdale borings, however, all the marl beds were above the water 
table and were practically dry, yet the potash content of each of the 
two beds represented (the uppermost bed had been eroded) was 
comparable to that of the corresponding beds at the other localities* 
For example, the green marl at Somerdale contained slightly less 
potash than that at Sewell and Woodstown but more than that at 
Salem and Elmwood Road. 

The borings show that the green marl averages 1.1 to 1.28 per cent 
more in potash content than the other two beds. This difference 
appears to be due, in part at least, to its relatively less admixture of 
quartz. This is shown on the table on page 119, where the results 

TsCook, G. H., op. cit./p. 464. 
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of the magnetic separation of residues are given. Thus it is probably 
in the main a featture of ori^al bedding rather than of subsequent 
enrichment. The gre^i maii is usually distinct lithologically from 
the overlying or underlying bed. This again is probably a feature 
of original bedding. 

At some localities, however, notably at Sewell (see pp. 47-52), 
there is clear evidence of leaching and ojddation of the upper part 
of the marl and consequent impoverishment in potash. Although 
the marl beneath has a distinctly higher potash content it is not 
clear that this is due to enrichment rather than to original deposit 
tion. At the Somerdale borings (pp. 7, 61-64) the Homerstown marl 
has been in part eroded and is overlain by reworked marl of Quater- 
nary age. This reworked material is distinctly oxidized and contains 
less potash than the uneroded marl beneath, but this uneroded marl, 
which is part of the green bed, is not imduly high in potash. 

Without doubt potash is locally being leached from the marl 
and is passing into solution. With little doubt, too, as suggested 
above, it is being abstracted from solution, but there seems to be no 
readily distinguishable zone of enrichment unless the green marl bed 
may be so considered. With r^ard to what becomes of this potash 
the following tentative suggestions are worthy of attention: 

1. Clay, which is believed to have an important share in the 
formation of glauconite (see section on nature and origin of glau- 
conite, pp. 138-142), was probably abundant in the original muds 
from which the glauconite was formed — ^witness the alumina present 
in all the analyses of glauconite and greensand cited above. It was 
probably more abimdant in some beds than others. Thus the green 
marl bed with less quartz probably had a laiger proportion of day. 

2. When the marl beds became part of the land area and were 
subjected to the action of meteoric waters the processes of oxida- 
tion and leaching of certain layers began. Some potash with other 
constituents went into solution and circulated through the marl 
beds. The potash-bearing solutions reacted with the clay to form 
new glauconite, and the action was more pronounced in the more 
clayey layers — ^for example, the green marl bed. Some of the new 
glauconite formed additions to existing grains, but some of it formed 
amorphous or colloidal glauconite such as that which now con- 
stitutes so marked a f eatiure of certain beds. 

3. The difference in potash content between the recent glaur 
conites and older glaucouites shown in the tables on pages 127-128 
](xas significance in this connection, as does the remark of GoUet 
cited with those tables. It seems quite possible that the development 
of glauQoj^te begun in muds offshore may have continued by the 
process outlined above and may thus have enriched the undisturbed 
marl beds, through which the waters circulated. 
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4. The changes of level to which the marl beds, together with the 
entire Coastal Plain, have been subjected have permitted all Uie 
marl beds, even those that now^lie above the water table, to be sub- 
jected to the action of ground water for protracted periods. 

OTHEB SUBSTANCES. 

Iron carbonate, somewhat phosphatic, forms the hard, stony layer 
at the base of the Homerstown marl at hole 7, at Woodstown, and 
probably abo forms part of certain nodules and casts that are 
strongly phosphatic. The stony layer is localized at a horizon that 
is thought to mark the boundary between two formations. The 
nodules and casts are distributed rather irregularly. All bear 
witness to the activities of solution and deposition in the circulating 
waters. 

Ironstone, or sedimentary material cemented by oxide of iron, 
occurs at many places and at a niunber of horizons — ^f or example, at 
the pit of the K. S. Ryan Co. near Medford. Here it occurs along 
the contact between the Homerstown marl and the overlying Qua* 
ternary gravels. (See p. 80.) This material also bears witness to 
the activities of ground water. It is locally of sufficient abundance 
to be quarried as atone. 

8TRATIGRAPHIC NOTES, 

Southwest of Sykesville, in Burlington County, two broad htliologic 
units are present — an upper formation, predominatdy gteen to 
greenish black, and a lower formation, brown to brownish black, the 
so-called chocolate marl. The contact between the two formations 
is well defined and usually marked by the presence of sand or gravel 
grains near the base of the green formation. Locally a water*bear]ng 
gravel bed, shells, or an indurated layer occur at the contact. This 
contact would be a convenient lithologic boxmdary for the Navesink 
and Homerstown marls and is tentatively so considered in this 
paper. A single cast thought by T. W. Stanton to be that of 
OucvUctea wigariSf a wide^^ranging form but common in the Homer&* 
town, was taken from a gravel bed at this contact at Elmwood 
Road. (See PI. X, hole 16.) It suggests that the Homerstown 
includes all of the green formation at that locality. 

This gravel bed and the sand and gravel grains elsewhere at the 
contact may represent the southwestern continuaticm of the Redbank 
sand. The stratigraphic features of the combined Homerstown and 
Navesink marls at tl^ different borings are shown in Plate X. 

The Navesink grades downward into the Motmt Laurel but 
appears to rest on a fairly uniform surface at each of the localitiies 
drilled, except at Woodstown and Sewell, where variations of about 
4 and 5 feet, respectively, in distances of 330 and 375 feet down the 
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dip were observed. These figures would indicate a dip of 64 and 80 
feet to the mile^ respectively, at these localities, whereas the average 
calculated by Knapp, as previously^ stated, is only 33 feet. This 
apparently greater local dip may prove to be more widespread, or it 
may indicate local current scour in the Mount Laurel sands prior to 
the deposition of the Navesink. 

The thickness of the Navesink is about 28 feet at Ehnwood Road, 
23 feet at Somerdale, 17^ feet at Sewell, 14 feet at Woodstown, and 
2 feet ( ?) at Salem. At Salem there is no very clear basis for dis* 
tinction between the Navesink and Homerstown. The shell bed 
with rice gravel at the base appears to be Navesink, but the marl 
above in quality and appearance su^ests Homerstown rather than 
Navesink. At Sewell a depression in ihe top of the formation 
corresponding to that in which the base lies was observed. At 
Woodstown a depression of 5 feet was found in a distance of 375 
feet along the strike, together with a total observed variation of 9 
feet in thickness at the three holes. These features, together with 
the scant representation of the f(»ination at Salem, may indicate 
local erosion of the upper beds by current scour or otherwise. On 
the oth^ hand, at several of the holes the upper beds of the forma- 
tion show a transition interval of 6 inches to several feet in which 
streaks of green material are intermingled with the brown. 

In general the Navesink marl is more clayey at the top, less clayey 
and correspondingly more glauconitic in the middle, and more sandy 
near the base. The less clayey portions slump easily and tend to run 
like quicksand. At Woodstown a water-bearing gravelly layer was 
encountered at hole 7, which was not represented at h<^s 5 and 6. 
At Sewell a hard sandy layer with vivianite was found in hole 10 
which did not occur at corresponding depth in holes 8 and 9, though 
in these an increasing proportion of quartz sand was noticed. At 
Somerdale the intermingling of brown and green material was prei^nt 
throi^out the formation. 

The basal features of the Homerstown marl have been mentioned 
in connection with the description of the Navesink. The top of the 
formation, as represented by the Terebr(UyJa-he9iXmg bed, was found 
in only one of the holes. Elsewhere portions of the Homerstown 
had been eroded. Nevertheless the measurements show that this 
formation maintains or even increases its thickness toward the 
southwest. For example, at Elmwood Road, whra^e the Terehfrchdo' 
bearing bed is present, the thickness is 17 feet 7 inches. At Somer- 
dale the formation is considerably eroded, but from 6 to 11 feet 
remains. At Sewell ihe maximum thickness measured is nearly 
22 feety at Woodstown 27 feet, and at Salem 21 feet. 

In general, the Homerstown marl as observed in these borings is 
more clayey and lighter in color in the upper part $nd more glauoo- 
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nitic and darker below. Near the base sand and gravel grains and 
locally even tiny pebbles appear. Local variations may be noted. 
For example, at Woodstown a stony layer about 6 inches thick, some- 
what phosphatic and containing much iron carbonate, occurs at the 
base in hole 7 but is not found in holes 5 and 6. Similarly, at Woods- 
town shells were present at the base in holes 5 and 7 but absent in 
hole 6. At SeweU a light-green clayey bed 4 feet thick at hole 8 is 
only 6 inches thick 375 feet away at hole 10. Other variations in 
chloT and texture were noted at different locaUties and at different 
holes in the same locaUty. 

The three holes bored in the Manasquan marl near Pemberton were 
not deep enough to pass through the formation, but they showed 
some variations in character and thickness of the marl. The upper- 
most member, a relatively light colored sandy clay with compara- 
tively little glauconite, was 3 feet thick at the first hole and more than 
14 feet thick at the second, only 330 feet distant. The lower, dark- 
green glauconitic member was more than 9 feet thick at the first hole 
and less than 3 feet thick at the second. At the third hole, which 
was nearly a mile and a half away, only the dark-greenish member 
was exposed, more than 15 feet thick. 

These irregularities in the greensand beds suggest that their accu- 
mulation did not take place entirely beyond tlie range of wave and 
current action. 

CONDITIONS OF SEDIMENTATION. 

The bedding of the greensand, as previously noted, is generally 
regular, so far as observed. Some beds show a fine lamination. 
There is more or less alternation of clayey layers with more glauco- 
nitic beds. Quartz grains, generally angular or subangular rather 
than rounded, are distributed somewhat unevenly throughout the 
glauconite beds. The sizes of the quartz grains agree in a general 
way with those of the glauconite, but the preponderance of the 
40 and 60-mesh grains is less marked. The specific gravity of 
glauconite is slightly less than that of quartz, so that under the same 
conditions of sedimentation the glauconite grains might be expected 
to have a somewhat greater average size. 

The distribution of the quartz grains indicates a generally steady 
but slow infiux of land-derived material from which the more soluble 
rock fragments had largely been removed. The presence of the clay 
and glauconitic mud included with the greensand indicates generally 
quiet waters. Tte maintenance of these conditions long enough to 
build up such an extensive and relatively thick deposit suggests a 
slow subsidence of the bottom on which the deposits were accu- 
mulating or a gradual transgression of the sea upon the land. The 
88626^—22 10 
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Vincentown and Bedbank sands indicate that the glauconite*f orming 
agencies were at times interrupted or impeded by reversal of condi- 
tions, the sea retreating or becoming shallower during the epoch of 
their formation. Minor reversals or oscillations of conditions during 
the deposition of the greensand are indicated by the presence of the 
sandy or gravelly layers described above. 

The local variations in the thickness of the supposed Navesmk marl 
previously mentioned suggest that from tune to time the generally 
quiet bottom conditions were disturbed by oceanic currents or by 
waves. 

A rather abundant and varied life inhabited the waters in which the 
greeni^and beds were being deposited, as shown by the shells and other 
types of fossils that have been recovered from the marl beds. Lists of 
tJiese fossils are given by dark'* and Weller.'* These, animals fur- 
nished by their decay the oi^anic matter generally supposed to be 
necessary for the formation of glauconite. 

According to Murray and Renard,'* glauconite forms most abimd- 
antly at about the lower limits of wave, tide and current action, in 
the neighborhood of what may be called the mud line — that is, at 
about 200 to 300 fathoms. The temperature of the ocean at these 
depths off Sandy Hook is between 40° and 46° F. If, as seems prob- 
able, the conditions of the formation of glauconite in Cretaceous time 
were similar to those of to-day the depth of the sea water over New 
Jersey in the Navesink and Homerstown epochs was 1,200 to 1,800 
feet. 

NATUBE AND ORIOIN OF QliAUCONITB. 

Glauconite is a constituent of various marine sediments now forming 
along the shores of the continents, usually at depths greater than 600 
feet, but ranging from about 300 feet to somewhat more than 2 miles. 
It is not formed in the deeper parts of the ocean, except from acci- 
dental causes, nor along coasts where great rivers, such as the Amazon, 
bring large quantities of sediment into the sea. It is associated 
chiefly with greensands and green muds, though present in blue muds, 
volcanic muds, and some of the oozes; and it is widely distributed in 
the Atlantic, Pacific, and Indian oceans and the Mediterranean Sea. 
Glauconite is also widely distributed in time, having been formed in 
all the great geologic periods. 

' The chemical and mineral composition of glauconite is variable, 
though part of the apparent variation may be due to the difficulty 
of procuring pure, material for examination and analysis. There is 

M Clarke W. B., A preUminary r^K>rt on the Cretaoeoai and Tertiary formatiooB of N«w Jarsey: New 
Jersey Oeol. Survey Ann. Bept. for 1802, pp. KX^239, 1893. 

*» WeUer, Stuart, Upper Cretaceoosformatlonaand faunas of New Jersesr: New Jersey Oeol. Survey: Ann. 
Bept. for 1004» pp. 145-16(^ ig05. 

T Murray, John, and Benard, A. F., ChaUenger Bept., Deep-sea deposits, p. 883, diagram 2, 1891. 
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some doubt whether the mineral is really a definite substance. It is 
also thought that glauconite may indude members of a series of 
minerals, in the same manner as the chlorites and micas.^ Glauco- 
nite is essentially a hydrous silicate of iron and potassium and, ac- 
cording to Qarke,^ probably has when pure the composition repre- 
sented by the formula Fe'"KSijO,.aq., in which some iron is re- 
placed by aluminum, and other bases partly replace K. Thus it 
should contain about 13 per cent of potash.'' The analyses show, 
however, that the potash is practically always partly replaced so tliat 
it rarely exceeds 7.50 to 8 per cent. Dana"® gives the hardness of 
glauconite as 2 and its specific gravity as 2.29-2.35. It is usually 
amorphous and has a granular texture. 

Glauconite occurs chiefly in tiny irregular botryoidal or roxmded 
grains, some of which appear to be casts of foraminiferal or other cal* 
careous shells. The greater number, however, show no direct rela* 
tion to foramiaiferal form. Many of the grains are worn and have 
evidently been transported and redeposited. Cayeuxf^ describes and 
figures a type of grain relatively rare, ia which a thin superficial coat- 
ing with radial structure, visible only in thin sections with strong 
magnification, was observed. Collet"' suggests that these coatingsmay 
represent glauconitic pseudomorphs after the calcite of foraminiferal 
shells. Another type of grain described by Lacroix** and relatively 
rare is thought to be crystalline and monoclinic. It is strongly pleo- 
chroic, has a well-recognized cleavage, and under crossed nicols in 
polarized light extinguishes parallel to the cleavage. Still another 
type, called by Cayeux pigmentary glauconite, stains the cement of 
consolidated sediments and forms coatings on grains of other minerals 
or fillings in the cracks of minerals such as feldspar. 

A number of microscope slides were made showing thin sections of 
glauconite and of some of the associated mineral grains of different 
sizes from the New Jersey borings of the present investigation. The 
noteworthy features of the glauconite, as shown in these sections, 
are (1) the absence of concentric or radio-fibrous structure; (2) the 
absence of any skeleton or core of other mineral matter; and (3) a 
uniform or nearly uniform aggregate structure of tiny crystalline 

^ Ooldman, M. I., Oeneral character, mode of oocarrenoe, and origin of glauconite: Washington Acad. 
Sci. Joor., vol. 9, pp. 501-502, 1919 (abstract); The petrography and genesis of the sediments of the Upper 
Cretaoeoqs of Maryland: Maryland Geol. Surrey, Upper Cretaceous, p. 179, 1916. 

n Clarke, F. W., The data of geochemistry, 4th ed.: U. S. Geol. Surrey Bull. 695, p. 513, 1920. 

'•Ashley, O. H., Notes on the greensand deposits of the eastern United States: U. S. Geol. Survey Bull. 
000, p. 34, 1918. 

M Dana,J. D., System of mineralogy: Descriptive mineralogy by E. S. Dana,6th ed.,p. 683, New York, 
1914. 

■ Cayeux, Lnden, Contribution k T^tude micrographique des terrains s^dimentalres: Soc. gfoLNord 
M^., vol. 4, No. 2, p. 164, 1807. 

M Collet, L. W., Les d^ts marins: Encydop^diesdentiflque, p. 141, Paris, 1906. 

" Cited by Cayeux, Luden, op. dt., p. 165. 
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flakes, which, in polarized light, show an aggr^ate polarization 
without general extinction. (See PL IV, p. 6.) 

The absence of skeleton or core is in distinct conta*adiction to the 
idea of Hart^^ that glauconite '^consists of a core, which is apparently 
pure siUca, and a covering layer of glauconite containing apparently 
no, or very little, silica.'' 

Some grains, presumably those described on page 122 as having a 
platy structure or cleavage, show these features with parallel extinc- 
tion in thin sections and are pleochroic. These may prove to be 
crystalline glauconite like that described by Lacroix. A grain of 
feldspar, in which flakes of glauconite had evidently been formed in 
cracks, was observed in one of the sections. The glauconite was 
apparently fresh and relatively pure and free from alteration. A few 
grains, however, showed encroachment of iron sulphide. The seed- 
like or capsule-shaped grains are isotropic. They are phosphatic 
and contain numerous tiny black particles that may be magnetite. 
Some of them contain grains of green glauconite. 

The origin of glauconite is still imperfectly understood. According 
to Murray and Kenard,^^ organic matter inclosed in the shells and 
present in the mud itself transforms the iron in the mud into sulphide, 
which may be oxidized into hydrate, sulphur being at the same time 
liberated. The sulphur becomes oxidized into sulphuric acid, which 
decomposes the fine day, setting free colloid silica, alumina being 
removed in solution. The colloid silica and hydroxide of iron are 
in a condition most favorable for their combination, and in the pres- 
ence of potash salts in sea water these substances form glauconite. 
Collet^* suggests in modification of these views three stages for which 
he cites evidence — (1) the formation of gray casts composed exclusively 
of clay; (2) the formation of brown casts of different shades repre- 
senting different stages in the replacement of clay by peroxide of 
iron, no potash being present; (3) "glauconitization," the introduc- 
tion of potash and probably also of the water of constitution. 

Murray and Renard ^^ regard it as improbable that any minute 
grains of glauconite are formed in a free state in the mud. They think 
that this mineral is formed in the cavities of calcareous organisms, 
thoi^h they admit that some grains appear to be highly altered frag- 
ments of ancient rocks or coatings of glauconite on these rock frag- 
ments. They state that shells are broken by the swelling out or 
growth of the glauconite and that subsequently the isolated cast 
becomes the center upon which new additions of the same substance 
take place, the grain enlarging and becoming more rounded in a 

M Hart, Edward, Qlauoonlte or greensand: Am. Chem. Soc. Jour., vol. 39, p. 1919, Septemb«r, 1917. 
« Murray, Jolin, and Renard, A. F., Ckaliengtr Rept., DeefHWa deposits, p. 389» 1891. 
nCoUet, L. W., op. dt., pp. 176-178. 
" Moiray, John and Renard, A. F., op. cit., pp. 387-388. 
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more or less irregular manner, as in the formation of concretionary 
substances. Although the irregularities of shape and the general 
scarcity of grains with definite foraminiferal form may perhaps be 
explained in this way, the coatings and accretionary layers noted 
suggest that other modes of origin besides that witlun calcareous 
shells may be important. 

Cayeux** cites a variety of evidence to show that orgamc matter is 
not essential to the origin of glauconite grains. He ascribes an 
iitiportant share in their genesis to the so-called pigmentary glaucon- 
ite, and shows that grains of glauconite have originated or have 
continued to increase in size after all the elements of the accompany- 
ing sediments were in place as in a consolidated deposit. He con- 
cludes that organic matter may be more often the primordial condition 
of the production of glauconite, but that it is very certain in many 
places that organic matter has had no part in tiie genesis of this 
mineral. 

Collet •• also recognizes the important part that pigmentary 
glauconite may play in the origin of glauconite grains and adds that 
the absence of cement in microscopic sections of glauconite may be 
explained by the fact that both the glauconite grains and the glau- 
conitic cement are cryptocrystalline and composed of particles 
differently oriented so that suture lines would be masked. 

On page 126 the fine material washed from composite samples of 
New Jersey greensand beds is shown to contain approximately 3 to 7 
per cent of potash. It consists largely of greenish to yellowish 
colloidal matter that may be classed as pigmentary glauconite. 
It may be part of the original deposit, in which for some reason 
grains of glauconite did not develop, or it may have originated by 
mechanical wear or disintegration of previously existing grains. 
It may, however, have been formed by the chemical action of the 
circulating waters upon clay in the marl. Possibly grains of glaucon- 
ite may be forming in it to-day, but of this no direct evidence was 
observed. 

With reference to celadonite, a mineral closely related in composi- 
tion to glauconite, Clarke** remarks: 

If, now, we aasume that celadonite and glauconite are at bottom the same ferri- 
potaadc silicate, diSeriog only in their impurities, we may begin to see that the several 
modes of its formation aie not absolutely different after all. Probably, in all their 
occurrences, the final reaction is the same, namely, the absorption of potassium and sol- 
uble silica by colloidal ferric hydroxide. In the ocean these materials are prepared 
by the action of decaying animal matter upon ferruginous days and fragments of potas- 
sium-bearing silicates. In the sedimentary rocks, where glauconite appears as a late 

» Cayeoz, Ikictoii, op. dt., pp. 176-184. 

» Collet, L. W., op. dt., pp. 164, 165. 

N Clarke, 7. W., Tbe data d geoobniiistry: 4th ed.: U. S. G«ol. Barvey Bull. 006, pp. 614-616, 1020. 
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pnKhict, the acdoQ of percolating waters upon the hydroxide would account for its 
formation. In igneous rocks the hydroxide is derived from augite, or perhaps from 
olivine, and percolating waters again come into play. Thus the various productionB 
of glauconite and celadonite become the results of a single process, which is exactly 
equivalent to that iu which potasedum compounds are taken up by days. The obeer- 
vaticn of L. Cayeux that glauconite is frequently present in arable soils, in all condi- 
tions from perfect freehnees to complete alteration into Umonite, suggests that perhaps 
the formation of the species is one of the modes by which potassium is withdrawn from 
its solution in the ground waters. 

This statement tends to confirm the suggestions presented above 
in the discussion of enrichment. 

Fuller discussions of the nature and origin of glauconite are given 
in some of the papers cited, notably those of Cayeux and Collet^ 
which contain bibliographies of the subject* 
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MamcaHiU, marl and lime at 41-42 

shell'bed at, plate showing 14 

N. 

Karnes, local, of marls •• 6 

Nature of greensand and marL 5-6 

Navesink marl, description of 10 

New Egypt, marl at and near 92-98 

New Jersey Department of Conservatioa and 

Development, cooperation by . . . 2 
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Shutes, John, record of well of 43 

Sites for drilling, selection of. 14-15 
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Structure of the deposits 13-14 
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Tvyior, Samuel J., drilling contract made 
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Tinton sand member, description of 10-11 
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plateshowing 12 

True, B. H., and Oeise, F. W., experiments 
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Vinoentown, lime sand near 84-85 

marl pits near 83-84 

records of wells near 81-83,106 

Vinoentown Marl Co., pits of 84 

Vinoentown sand, description of. 11-12 
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of. 11&-118 

Water, in marl, partial analyses of 132-133 
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of potash produced by 107 

Weight, determination of. 19-20 

WeU data, collection of 20 

Wenonah sand, description of 9-10 
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records of borings made by 51 
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White, Barday, record of well of 90 

Wills, J. S., recorded well of 79 
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record of test well drilled for 54 

Woodbury clay, description of. 8-9 
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records of wells in 34-39 
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tonnage and value of marl in 40 

utilisation of deposits in 41 
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